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SUMMARY 

In  order  to  provide  the  data  base  required  to  perform  a 
hazard  evaluation  relative  to  the  occurrence  of  nitroglycerine 
in  the  aquatic  environment  and  to  recommend  a proposed  water 
quality  criterion  for  nitroglycerine  for  the  protection  of 
freshwater  aquatic  life,  acute,  subacute  and  chronic  toxico- 
logical evaluations  were  performed  on  a wide  variety  of  fresh- 
water organisms  representing  several  trophic  forms  utilizing 
nitroglycerine.  Additionally,  the  bioconcentration  of  14C- 
nitroglycerine  in  fishes  was  investigated. 

The  results  of  static  acute  toxicity  tests  indicate  that  the 
nominal  acute  LC50  values  generally  are  greater  than  1 mg/1  nitro- 
glycerine. Nitroglycerine  was  generally  about  lOX  less  toxic 
to  the  four  species  of  invertebrates  than  to  the  fishes  and  two 
of  the  phytoplankton  species  during  static  acute  toxicity  tests. 

In  flow-through  toxicity  tests,  nitroglycerine  again  appeared 
to  be  about  lOX  less  toxic  to  the  species  of  invertebrates  than 
to  fishes.  Nitroglycerine  was  not  appreciably  more  toxic  to  both 
fishes  and  invertebrates  during  flow-through  toxicity  tests  than 
during  static  toxicity  tests  suggesting  little  cumulative  toxicity 
of  nitroglycerine  as  a result  of  duration  of  exposure. 

The  results  of  the  pilot  bioaccumulation  study  with  14C-nitro- 
glycerine  indicate  an  apparent  lack  of  appreciable  accumulation 


iii 
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of  MC-nitroglycerine  in  the  edible  tissue  of  four  fish  species 
tested.  The  estimated  bioaccumulation  factor  for  nitroglycerine 
in  fish  during  this  test  ranged  from  8-15X.  A decrease  ('''50%) 
in  14C-residues  was  observed  in  two  of  the  fish  species  tested 
despite  continued  exposure  to  14C-nitroglycer ine  which  suggests 
that  some  type  of  enzyme  induction  may  have  occurred. 

Based  on  the  results  of  the  chronic  toxicity  study  with  fathead 

minnows,  the  critical  life  stage  study  with  fathead  minnows, 

and  the  chronic  studios  with  daphnids  and  midges,  we  estimate 

that  the  application  factor  specific  for  nitroglycerine  which 

describes  the  relationship  between  chronic  and  acute  toxicity 

is  '0.037<0.073  for  fathead  minnow  over  one  complete  life 

cycle,  >0.01<0.02  and  ''0.03<0.07  for  eggs  and  fry  of  the  fathead 

minnow  and  channel  catfish,  ''0.2<0.4  for  daphnids,  and  >0.3<0.6  for 
midges . 

Based  on  a conservative  analysis,  we  have  applied  the  lower 
limit  of  all  estimates  of  the  application  factor  specific  for 
nitroglycerine  (0.03)  to  the  lower  limit  of  the  observed  acute 
toxicity'  values  for  freshwater  organisms  ( 1.36  mg/1,  96-hour 
LC50  for  bluegill  at  pH  6.0).  As  a result  of  this  analy'sis,  we  oropose 
that  a concentration  of  O.Ol  mg/1  nitroglycerine  would  be  a 
reasonable  water  quality  criterion  providing  for  the  protection 
of  freshwater  aquatic  life  with  an  ample  margin  of  safety. 
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INTRODUCTION 


Ni troqlycerine  is  known  to  occur  in  discharges  from  several 
Army  Ammunitions  Plants  (AAP's) . An  estimation  has  been  made 
that  concentrations  of  nitroglycerine  in  receiving  streams 
adjacent  to  AAP's  would  be  in  low  parts  per  billion  range,  on 
the  order  of  1-10  ug/1  (Rosenblatt  et  al.,  1973).  Since  a 
review  of  the  scientific  literature  indicated  there  is  no  information 
on  the  toxicity  of  nitroglycerine  to  aquatic  organisms  (Dacre  and  i 

Tow,  1973)  a program  was  undertaken  to  investigate  the  acute  and 
chronic  toxicity  of  nitroglycerine  to  aquatic  organisms.  The 
objectives  of  the  program  were  to  provide  the  data  base  required  to 
perform  a hazard  evaluation  relative  to  the  occurrence  of  nitro- 
glycerine in  the  aquatic  environment  and  to  recommend  a proposed  , 

water  quality  criteria  for  nitroglycerine  for  the  protection  of 
freshwater  aquatic  life  with  ample  margin  of  safety. 

The  specific  efforts  undertaken  included  investigations  of: 

(a)  the  acute  toxicity  of  nitroglycerine  to  a variety  of  aquatic 
organisms  under  static  and  flowing  water  (flow-through)  con- 
ditions; (b)  the  effects  of  variations  in  water  quality  on  the 
acute  toxicity  of  nitroglycerine  to  fish;  (c)  the  chronic  tox- 
icity of  nitroglycerine  to  both  aquatic  vertebrate  and  inverte- 
brate organisms;  and  (d)  the  bioconcentration  of  nitroglycerine 
by  fishes. 


The  studies  to  evaluate  the  acute  toxicity  of  nitroglycerine 
to  phytoplankton  were  performed  at  the  Marine  Research  Labora- 
tory of  E G & G,  Bionomics  in  Pensacola,  Florida.  The  studies 
to  evaluate  the  toxicity  of  nitroglvcerine  to  all  other  aquatic 
organisms  and  the  bioconcentration  of  this  chemical  by  fishes 
were  conducted  at  the  Aquatic  Toxicology  Laboratory  of  E G & G, 
Bionomics  in  Wareham,  Massachusetts. 
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MATKKIAI.S  AND  MKTlUinS 

t M.l  t IM  1 .1  1 


Tlu'  ni  t iivi  1 yci'r  i lu’  I oi'  tIu'Si'  i iwi's  t i oaf  i mu!  was  supplit'd 

as  a 1 niixfuit'  in  lavMost'  Ity  botli  1'..  1.  linpiint  ifo  NtMiunii'.s  I'li., 

W i liM  i no  t ('ll , Ot'lawari'  and  I 1 Unift'd  Sfaft's,  I’.o  1 dsbont , Noitb 
(.‘aii'lina.  Thi'  n i t too  1 yin>r  i nc  w.ts  ouant  i t a t i vt' I y s«>paiatoii  from 
flit'  laiMi'.so  I'y  Ml  i N i no  with  ai'i'tion'.  'I'ho  bu’toso  is  oss(Mitially 
inttolnb'n'  in  ai'otono  anil  lapidly  pii'o  i p i t .i  t I'd  , wliilo  n i t too  1 yoi'f  i no 
IS  oxfioMtoly  ttolublo  in  aoi'limo  (f'ltomioal  Kiibbof  i.’o.,  I '>  7 1 ) . Thus, 
solutions  ot  I ai' t oso- 1 too  n i f too  1 yoof  i no  in  aootono  oould  bo 
to.idily  piopaiod  by  dooantino  1 hi'  suf'i'i'uat  ant  I tom  t ho  nitfo- 
ol'i'i'oi  ino  tn  laotoso:  aoi'tono  mixtuios.  (.'onoont  rat  i inis  i>t  ti'st 
matot  ials  aio  toportod  as  mi  1 1 i o rnnis  (mo)  ot  ai'tivo  inorodiont 

pot  1 i t (M  (1)  ot  diluonf  wator,  or  fiart  s pi'r  milliott  (ppm).  Ki'r 

a bia  1 a'tsays  n i t roii  1 yi-i'i  i nt'  in  laotosi'  was  lit  i 1 i /.od  as  t ho  tost 
malorial  and  rosults  aro  oxptoss«»d  .»s  mo  n i t roo  I yot'i' i no,' 1 i t I'r 
i't  wa  f I’l  ( t'piti ) . 

Tho  1 -li'-n  1 t 1 oo  1 yi'ot  i no  usi'il  in  t lio  b i oai’oumu  1 a f i on  study  was 
loooivod  in  a vial  I roiti  Or.  Phino-t'hun  l.iH'  iit  t lio  Miilwost 
Ui'soatoh  Instituto,  Kansas  i"  i t y , Missouri  whioli  was  roooivod 
by  him  as  unilormly  labolod  I 40-n i f roo I yoor i no  I rom  Now  Pnoland 
Nuoloai  I’or  pora  t i on , boston,  Massaoluisot  t s . for  rost'ondonoo  wliioh 
aoootitpan  i od  tho  vial  statod  that  if  oontainod  l.Ol  mi  I I lour  i os 
ot  I 'ti'-n  1 1 t oo  I >'oor  i no  in  -’I  ml  ot  mothanol  at  a oonoioit  rat  iiin 

ot  10  mo  1 ‘K'-n  i t toil  1 \’oor  i no/ml  ot  iiu'thanol.  Tho  ontiro  oi'ntonts 

oi  this  I'ial  woro  ti.inslorrod  to  a lOO-ml  volumotrio  t task 


) 
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and  hiinu)ht  to  voluiiu'  w i t li  atn'toiu?  aiul  as  a *'*C-nitro- 

Mlyoi'i  iiu'  s.oluliiin  t i om  which  woi  kiiuj  stock  sol\it  ions  were  pco- 
toi  tt^i^;  tuvly- 

•IV'st  Oiqanir.ms 

Icc.tcd  v>’ci  c t l\c  cyaiu'pliy  I t's  (hi  iic-ip  ecus)  Microcyst  i:i 
.icfiui  i nosa  anil  Anahcana  tlos-.upiac;  t lie  chloi  iiphytc  (ijicoii) 

Sc  1 cnast  t u'u  isipr  i cm  imt  luu;  vUid  the  chrysophy  I (ilialora)  Navicvil.i 
pc  1 1 1 i-u  I osa  . I’ll  1 tines  wen'  obtained  ti  oin  the  collect  ion  .it 

I lie  bn  i vei  i t y ot  liuii.in.i,  M 1 ooui  i nij  t on  , Indian. i,  aiul  I lu'  P.ic  i I'ii';  V 

Noitliwest  Water  Ou.i  1 i t y b.iboi  .it  oi  y (Ml'A,  t’oiv.i  1 1 i s , Ort'ijon)  . 

b.ii'h  i.pecies  was  lu.i  i n t .i  i ned  in  stock  I'ulliirt'S  .it  Hionomics 

Mai  in.'  Kese.ii  i'll  b.iboi  .i  t oi  y . (.'ill  tine  medinm  w.is  pri'p.ired  ac- 

coidin.i  to  till'  loimul.i  described  in  "Alvj.il  Ass.iy  Proci'dnvo: 

hot  I le  'I'est  " (II.;:.  i;i'A,  l')/l.i)  . 

M.icna  i nvei  t ebi  .it  es  exposcit  to  n i t roi)  1 yci'r  i lu'  Wi'ie  t ho  w.iter  t K'.i 
(n.H'hnia  maiin.i),  scud  (d.iiiiiii.i  r ns  t .nic  i a t ns)  , sowbinj  (Asellus 
niliUii  is),  .nid  mid.].'  (I'li  i i onoiiuis  tent. ms).  The  p.  m.nina  wer«' 

.icquiied  I i oiii  bionoMiics'  l.ibor.itory  I'liltnvt's,  .ind  the  si.?ud, 
sowbiin,  .111.1  midne  \;eie  collected  in  the  W.iia'h.un,  M.issachuse  t t s 
•u  e.i  by  bionouiics'  pe i .'.I'lin.' 1 . 


At  the  init  i.it  ion  ot  test  iiu),  w.itei  ( 1 e.i  wi'ii'  lioni's  I'Kl, 


scud  and  sowbuq  were  in  the  juvenile  staqe;  and  the  midqe  larvae 


were  in  the  second  or  third  instar  staqe. 

Fish  utilized  in  acute,  static  bioassays  were  blueqill  ( Lepomi s 
macrochi r us)  , rainbow  trout  (Sa Imo  gairdner  i ) , channel  catfisli 
( Icta  lurus  punctatus)  and  fathead  minnow  (Pimt^phales  promelas ) . 
Unless  otherwise  noted,  the  blueqill  were  acquired  from  a 
conunercial  fish  farmer  in  Nebraska,  and  had  a mean  (-  S.D.)  weiqht 
of  1.0  (-  0.3  ) q and  a mean  {-  S.D.)  standard  lenqth  of  35 
(-  (i)  mm.  The  rainbow  trout  were  acquired  from  a commercial 
trout  producer  in  Massachusetts  and  had  a mean  weiqht  and  lenqth 
of  0.')  (-  0.3)  i.(  and  43  (-  4)  mm,  respectively.  The  channel 
catfish  were  obtained  from  a fish  farmer  in  ^rkansas  and  had 
a mean  weiqht  of  1.2  (-  0.5)  q and  a mean  lenqth  of  57  {-  11) 
null.  Tlie  fatliead  minnow  were  obtained  from  a commercial  producer 
in  Arkansas,  and  had  a mean  weiqht  of  1.9  (-  0.4)  q and  a mean 
lenqtli  of  43  (-  8)  mm.  For  all  tests,  thirty  fish  representative 
of  test  populations  of  each  species  were  weiqhed  and  measured  for 
the  calculation  of  means  and  standard  deviations  for  each  group. 

F low-tlirouqh  bioassays  with  nitroglycerine  were  conducted  with 
blueqill  obtained  from  a commercial  hatchery  in  Connecticut 
and  had  a mean  weiqht  of  2.0  (-  0.2)  q and  mean  standards  lenqth 
of  4 1 (-3)  mm;  fatliead  minnows  acquired  from  a commercial 
hatchery  in  Arkansas  and  had  a mean  weiqht  and  lenqth  of  1.5 
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(I  0./’)  q and  44  (1  4)  mm,  ror;pecl  ivoly,  channel  catfinh  were 

aciiuLii'd  froia  a commeic.i al  fi.nh  farmer  in  Missouri  and  had  a 
mean  welqhl  and  length  of  2.1  (j  0.2)  g and  45  ( f 3)  mm,  ro- 
•'.pectively . 

To  i nve;:  I itjale  t hi'  h Loconcenl  r.il' Lon  o f ' ''C-nitroglycerine  by 

Cisties,  blnegtll,  liiftn^.id  minnows,  cliannel  catfish  and  rainbow 

1 1 out  were  obtained  I'rom  various  coraini>rcial  liatcheries.  The 

nu'an  wi'ight  and  standard  lengths  of  the  fishes  utilized  for 

tlieso  r.ludios  va?re:  liluogill,  2.1  0.3)  g and  42  (t  4)  mm; 

fatliead  minnows  2.3  (_t  0.4)  g and  50  (J-  6)  nun;  cliiuinol  catfisli  V 

1.4  (Jh  0.2)  g and  46  (I  4)  mm;  and  rtiiubow  trout  1.2  (1  0.3)  g 

and  4 8 ( I !>)  mm. 


To  investigate  the  clironii;  toxii:ity  of  n it  roglyci'r  ine  to  fatliead 
minnows,  fry  (<24  hourr.  old)  wi'i  e received  from  the  Kl’A,  Knviron- 
menlal  Research  haboi’alory  in  Newton,  Ohio. 

Trior  to  use  in  tests,  all  fish  were  helil  in  l /OO-J.  concrete 
laceway.';  v;hich  wei o coateil  v/ith  ;in  epoxy  resin  paint  to  prevent 
leaching  of  matei  iiils  into  the  water.  flow  of  well  water  (tem- 
peiaturi',  20  1 1 . 0^'c  foi'  bluegill,  channel  Ciitfisli,  <ind  fathead 
minnow,  and  14  I 1 '.  o”c  for  the  rainbov;  trout;  h.irdness,  35  mg/i 
a;:  CaCO^;  pit  7.1,  and  dissolved  oxygen  concentration,  >60»  of 
satur.ilion)  into  these  raceways,  was  at  a minimum  rale  of  4 1/ 


I 
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ininute,  which  provided  iin  adequate  water  turnover  for  holding 


tliese  species.  The  fishes  were  maintained  in  those  laboratory 
hatchery  facilities  for  at  least  thirty  days  prior  to  use  in 
bioassays.  During  tliis  period,  cumulative  mortality  for  each 
species  was  <2%;  no  mortality  was  observed  during  the  48  hours 
imniediately  prior  to  testing,  and  these  fishes  were  judged  to 
be  in  excellent  condition.  Kish  of  each  species  were  from 
the  same  year  class,  and  the  standard  length  of  the  longest 
fish  was  no  more  than  twice  that  of  the  shortest  fish. 

Te  s t Ml.;  t liods 

(A)  Static  Acute  Toxicity  Tests  - In  order  to  evaluate  the 
relative  susceptibility  of  a broad  spectrum  of  aquatic  organisms 
to  nitroglycerine,  static  bioassays  were  conducted. 

During  all  bioassays  to  investigate  the  acute  toxicity  of 
nitroglycer ine  to  aquatic  organisms,  two  series  of  concentrations 
were  established  within  each  bioassay,  a series  of  range-finding 
concentrations  (preliminary  test)  and  a series  of  definitive 
concentrations  (definitive  test)  . The  preliminary  test  was 
conducted  to  determine  an  approximate  range  of  concentrations 
for  evaluating  the  dose-response  relationship.  The  definitive 
test,  consisting  of  at  least  five  concentrations,  evaluated 
the  dose-response  j clat  ionsliip  to  a degree  allowing  the  median 
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effective  concentration  (EC50)  or  the  median  lethal  concentra- 
tion (LC50)  to  be  calculated  from  the  data  with  optimum  accuracy. 


i 

Algal  assays  were  conducted  according  to  the  method  described 
! in  "Algal  Assay  Procedure:  Bottle  Test"  (U.S.  EPA,  1971a).. 

During  algal  bioassays,  nitroglycerine  in  lactose,  was  added 

with  an  acetone  solvent/carrier . An  equal  volume  of  acetone 

(0.1  mt)  was  added  to  each  flask,  including  controls.  Because 

the  nitroglycerine  was  combined  with  lactose,  and  acetone  was 

used  as  a solvent/carrier,  preliminary  tests  were  conducted  to 

determine  the  effect  of  each  chemical  on  the  test  algae.  Ace-  V' 

tone  was  tested  at  a concentration  of  2000  ppm,  representing 

the  greatest  amount  used  in  any  tost,  and  lactose  was  tested 

at  1,  10  and  100  ppm,  representing  a range  of  concentrations 

which  could  occur  in  these  tests. 

To  determine  the  effects  of  nitroglycerine  on  algae,  measure- 
ments were  made  of  the  chlorophyll  a content  of  exposed  and  con- 
trol cultures  of  each  of  the  four  test  species-  In  addition, 
to  confirm  these  results,  determinations  of  cell  numbers  for 
cultures  of  M.  aeruginosa , S.  capricornutum  and  N.  pelliculosa 
and  of  optical  density  for  A.  f los-aquae  were  performed. 

Chlorophyll  a analyses  were  conducted  according  to  the  proce- 
dures of  Strickland  and  Parsons  (1972)  and  involved  filtering 
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algal  cultures  from  test  medium,  extracting  chlorophyll  by 
treatment  of  algal  cells  with  acetone,  determining  extinction 
values  with  a spectrophotometer  and  finally,  calculating  the 
chlorophyll  a concentration  in  the  solution.  Chlorophyll  a 
and  optical  density  measurements  (at  680  nanometers)  were 
made  with  a Bausch  & Lomb  Spectronic  20  spectrophotometer. 

Cell  counts  were  performed  with  a compound  light  microscope 
and  a hemacytometer.  In  each  case,  the  measurements  obtained 
from  triplicate  exposed  cultures  were  averaged,  the  results 
compared  with  those  from  triplicated  controls  and  a percentage 
effect  (relative  to  controls)  was  calculated. 

Each  test  concentration  was  converted  to  its  logarithms  and  the 
corresponding  percentage  effect  (change  in  chlorophyll  a con- 
centration, optical  density  or  cell  number)  converted  to  a 
probit.  The  24-,  48-  and  96-hour  median  effective  concentra- 
tions, ECSO's  (concentrations  effective  in  changing  the  chloro- 
phyll a concentration,  optical  density  or  cell  number  of  exposed 
algae  by  50%  as  compared  to  controls)  and  their  95%  confidence 
limits  were  then  estimated  from  a linear  regression  equation 
calculated  with  a programmable  calculator. 

Test  methods  used  for  static  bioassays  with  macroinvertebrates 
and  fishes  were  as  described  in  "Methods  for  Acute  Toxicity 
Tests  with  Fish,  Macroinvertebrates,  and  Amphibians"  (U.S.  EPA, 
1975)  . 


9 


w 


Results  of  macroinvertebrate  bioassays  are  expressed  as  ECSO's 
(concentrations  effective  in  causing  immobilization  of  50% 
of  test  animals)  and  results  of  fish  bioassays  are  expressed  as 
LCSO's  (concentrations  lethal  to  50%  of  test  animals).  The 
EC50  and  LC50  values  and  their  95%  confidence  limits  were  esti- 
mated from  a linear  regression  equation  calculated  with  a pro- 
grammable calculator.  Data  from  replicates  were  averaged  and 
utilized  in  the  regression  analysis. 

Macroinvertebrate  bioassays  were  conducted  in  250-ml  bea)cers 
containing  200  ml  of  solution  at  20  + 1.0°C.  Aged  well  water 
(hardness,  35  mg/1  as  CaCO^;  pH,  7.1)  was  utilized  in  the  per- 
formance of  these  bioassays. 

Dissolved  oxygen  values  in  test  vessels  during  static  bioassays 
with  invertebrates  ranged  from  8.0  to  8.2  mg/l  throunhout  the  testing 
period.  Macroinvertebrates  were  introduced  into  test  bea)cers 
within  30  minutes  following  addition  of  the  nitroglycerine; 

15  animals  of  each  species  were  tested  at  each  concentration 
(3  replicates,  5 animals/replicate).  Static  fish  bioassays  were 
conducted  in  19.6  liter  glass  vessels  containing  15  liters  of  test 
solution  held  in  constant  temperature  water  baths  at  20  + 1.0°C 
for  bluegill,  channel  catfish,  and  fathead  minnow,  and  at  10  + 1.0°C 
for  rainbow  trout.  The  standard  diluent  (well  water)  for  the  fish 
species  had  a hardness  of  35  mg/l  as  CaCO^  and  pH  of  7.1.  Dissolved 
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oxyyeii  values  in  various  test  vessels  during  bioassays  with 
fishes  ranged  from  9.0  initially  to  4.0  mg/H  at  the  end  of 
the  tests.  Fish  were  introduced  into  each  test  vessel  within 
30  minutes  after  the  compound  was  added;  30  animals  of  each 
species  were  utilized  for  each  concentration  (3  replicates; 

10  animals/replicale) . 

Fatliead  minnows  were  chosen  as  the  test  species  to  evaluate 
tlie  relative  susceptibility  of  life  stages  of  fish  to  nitro- 
glycerine because  of  the  ability  to  readily  procure  their  vari- 
ous life  stages  in  the  laboratory.  The  susceptibility  of 
selected  life  stages  (egg,  1-hour  old  newly-hatched  fry,  7-day 
old  fry,  30-day  old  fry,  and  60-day  old  fry)  of  fathead  minnow 
( Pimephales  promelas)  to  nitroglycerine  was  evaluated  under 
static  bioassay  conditions  for  a 144-hour  period  with  the 
eggs,  and  for  a 96-hour  period  with  all  other  life  stages.  The 
egg,  1-hour  old  fry  and  7-day  old  fry  bioassays  were  conducted 
in  250-ml?.  beakers  containing  200  mil  of  solution  (10  animals/ 
beaker,  3 replicates/concentration,  30  animals/concentration). 
The  30-day  old  fry  and  60-day  old  fry  bioassays  were  conducted 
in  l-gal]on  glass  jars  containing  3 I of  solution  (10  fry/jar, 

3 replicates/concentration,  30  animals/concentration).  The 
LC'jO  values  for  the  egg  tests  were  calculated  at  24,  48  and  144 
hours.  The  time  period  of  144  hours  allowed  100%  hatch  of  eggs 
in  all  con(.rol  bonkers.  In  addition  to  percent  mortalities. 
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percent  hatch  of  cyys  was  also  observed. 


These  tests  were  con- 


1 

] 

] 
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ducted  at  25  + l.O^C, 


and  the  standard  diluent  had  a pH  of  7.1 


and  total  hardness  (EDTA)  of  35  mg/d  as  CaCO^ . 


One  to  their  sensitivity  to  the  chemicals,  their  availability, 
and  their  expected  presence  in  most  of  those  areas  where 
nitroglycerine  might  be  found,  bluegill  were  selected  as  the 
test  species  to  evaluate  tlie  effect  of  water  quality  on  the 
toxicity  of  nitroglycerine.  Tlie  susceptibility  of  bluegill  to 
nitroglycerine  under  various  water  quality  conditions  was  eval- 
uated during  static  bioassays  for  a 9G-hour  period.  The  blue- 
gill  used  in  these  tests  were  obtained  from  a commercial  fish 
farmer  in  Nebraska  and  had  a mean  (+  S.D.)  wet  weight  and 
standard  length  of  0.9  (_t  0.2)  g and  33  (t  5)  n\m,  respectively. 
Bioassays  were  conducted  utilizing  bluegill  to  determine  the 
24  , 48  and  96  hour  I.C50  values  of  nitroglycerine:  a)  at  three 
temperatures  representing  the  lower  end  (15*^C)  , mid-point  (20°C)  , 
and  upper  end  (25°C)  of  the  normal  temperature  range  for  bluegill 
using  soft  water  (35  mg/f  CaCO^)  at  neutral  pH;  b)  in  soft  water 
(35  mg/S  CaCOj),  in  hard  water  (.100  mg/il  CaCO^)  and  in  very 
hard  water  (250  mg/£  CaCOj)  using  water  of  pH  7.0  at  the  rcc- 
commended  test  temperature  of  20°C;  and  c)  at  pH's  of  6.0,  7.0 
and  8.0  using  standard  soft  water  at  the  recommended  test  tem- 
perature of  20*^C.  Tlie  diluent  for  cacli  of  these  conditions  \\'as 
jircpared  according  to  the  procedures  recommended  by  Marking  and 


Dawson  (1973).  Dissolvoil  oxyyon  values  in  various  test  vessels 
cluriiuj  those  bioassays  ranged  from  9.0  initially  to  4.2  at  the 
end  of  tl\e  tests. 

General  <iva i labi 1 i ty  and  their  expected  presence  in  those  areas 
w'liere  t lie  nitroglycerine  might  be  found  resulted  in  the  use  of 
bluegill  to  evaluate  the  stability  of  the  toxicological  prop- 
erties of  dissolved  nitroglycerine.  The  susceptibility  (LC50) 
of  bluegill  (U'poinj.^-  macrochirus)  to  nitroglycerine  was  evaluated 
under  static  bioassay  conditions  for  a 96-hour  period  utilizing 
solutions  which  were  "aged"  for  0,12,24,48  and  96  hours,  prior  to 
initiating  the  toxicity  tests.  Fish  (lOi fish/replicate,  3 replicates/ 
concentration)  were  introduced  into  aged  test  solution  at  each 
time  period.  The  bluegill  used  in  these  tests  were  acquired 
from  a commercial  fish  fvirmer  in  Nebraska,  and  had  a mean  ( + 

S.D.)  wet  weight  of  0.8  (t  0.2)  g and  a mean  (+  S.D.)  standard 
length  of  32  (i  4)  mm.  The  standax'd  diluent  had  a pH  of  7.1 
and  a total  hardness  (KDTA)  of  35  mg/t  as  CaCO^. 

In  order  to  investigate  the  possible  degradation  of  nitro- 
glycerine under  various  test  conditions,  one  concentration  of 
n i trogl  ycer  i ru'  was  maintained  (witliout  fish)  under  each  set 
of  water  qiKility  conditions.  Water  samples  were  removed  from 
those  test  vcr.sels  at  0,  24,  48  and  96  hours. 
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(B)  Flow  Through  Acute  Toxicity  Tests  - Procedures  used  in 
these  toxicity  tests  were  based  on  protocols  described  in 
"Methods  for  Acute  Toxicity  Tests  with  Fish,  Macroinvertebrates, 
and  Amphibians"  (EPA,  1975)  except  where  stated  otherwise. 

The  flow-through  bioassays  were  conducted  using  an  intermit- 
tent-flow proportional  dilution  apparatus  (Mount  ar^  Brungs, 

1967) . The  apparatus  provides  for  intermittent  introduction 
of  seven  (fish)  and  six  (invertebrates)  concentrations  of  the 
test  compound  into  30-liter  (fish)  or  1.75  *.  (invertebrates) 
and  diluent  water  to  a vessel  serving  as  a control  unit.  The 
control  vessel  received  solvent  (acetone)  at  a concentration 
equivalent  to  the  greatest  amount  of  acetone  introduced  to  any 
test  vessel.  During  bioassays  with  fishes,  the  flow  rate  of 
test  solutions  to  each  30-Jl  aquarium  was  5 Jl/hour  throughout 
the  test  period.  During  the  flow-through  invertebrate  bio- 
assays, flow  rate  to  each  1,15-t  aquarium  was  4.0  t,/day.  Thirty 
fish  were  randomly  assigned  to  each  test  vessel  within  30  min- 
utes after  the  compound  was  added.  Twenty  daphnids  or  chirono- 
mids  were  randomly  assigned  to  each  replicate  test  chamber 
within  30  minutes  after  the  nitroglycerine  was  added. 

Diluent  water  used  in  these  tests  had  the  same  water  quality 
characteristics  as  previously  described  for  holding  water.  All 
test  vessels  were  maintained  in  water  baths  at  21  + 1.0°C  and 
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j test  solutions  were  not  aerated  during  tlic  test.  During  these 

tests,  the  dissolved  oxygen  concentration,  pH  and  temperature 

I 

of  test,  solutions  wore  checked  at  various  intervals  during  ex- 
posure in  th<'  liighest,  middle  and  lowest  test  concentrations, 
at  a minimum.  DO  ami  temperature  were  measured  with  a YSI 
dissolved  oxygen  meter  and  combination  oxygen- temperature 
probe;  pH  was  ir.ea;;ured  with  a Corning  Digital  pH  meter  and 
probe . 

Results  of  the  definitiv'o  tests  were  expressed  as  the  time- 
dependent  (2-1-  and  06-hour  ) r,C50,  and  time-independent  (incip- 
ient) I, COO,  tlu'  nominal  concentration  of  test  compound  in 
diluent  water  wliich  caused  00“  mortality  in  test  populations 
of  fish  and  invertebrates  with  no  additional  significant  re- 
sponse (<101)  during  the  final  48  hours  of  e.xposure.  Test  con- 
centrations and  corresponding  observed  percentage  mortalities 
were  converted  to  logarithms  and  probits,  respectively,  and 
these  values  were  utilized  in  a least  squares  regression  anal- 
ysis. The  l.cOO's  and  tlieir  951  confidence  intervals  were  cal- 
culated from  the  regression  equation. 

(C)  Pilot  Bioaccumulation  Study  of  Nitroglycerine  In  Fishes  - 
In  order  to  determine  tlie  bioaccumulation  potential 'of  ni.tro- 
glycerini’  to  various  fisli  species  in  water,  a pilot  bioaccumulation 
study  was  conducted  for  8 days.  A modified  intermi ttent- 
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flow,  dilution  apparatus  (Mount  and  Brungs,  1967)  was  used  to 
deliver  a nominal  concentration  of  0.50  mg/1  14C-nitroglycerine 
in  Bionomics'  well  water,  and  control  water  (well  water)  to 
duplicate  30-liter  glass  aquaria  at  a rate  of  five  liters/hour. 

The  14C-nitroglycerine  stoclc  solution  to  be  used  in  this  study 
was  prepared  by  placing  5.0  ml  of  the  14C-nitroglycerine  solu- 
tion (10.5  mg  nitroglycerine)  and  7.2  ml  of  the  unlabelled 
nitroglycerine  348.7  mg  nitroglycerine)  in  a 100  ml  volumetric 
flas)c  and  bringing  to  volume  with  acetone.  This  yielded  a 
superstock  concentration  of  3,7  mg  14C-nitroglycerine/ml  acetone 
with  a theoretical  specific  activity  of  308  disintegrations  per 
minute/ug  nitroglycerine.  To  determine  the  measured  specific 
activity  of  this  superstock,  three  0.2  ml  aliquots  of  superstock 
were  transferred  to  glass  scintillation  vials  containing  15  ml 
of  counting  solution  (Monophase,  Packard  Instrument  Co.)  and  the 
vials  were  placed  in  a liquid  scintillation  spectrometer  and  the 
activity  counted.  The  mean  measured  specific  activity  of  the 
14C-nitroglycerine  in  this  superstock  was  determinated  to  be  317 
+ 24  dpm/ug,  103%  of  the  theoretical  activity. 

A container  to  promote  mixing  of  the  14C-nitroglycerine  diluter 
stock  and  diluent  water  was  utilized  prior  to  delivery  of  the 
test  solution  to  the  exposure  aquarium. 
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(■'ll  Api  il  .n  , l')7l>,  .’0  I'.ifh  of  bUu'ijill,  l.itluMil  minnows, 

ch.iniu'l  r.it1i:.l»  .uul  lainbow  tiout  wore  placod  in  each  of  two 


ai]naria  initi.ito  (lio  oxporairo  porioil.  Fish  in  Ixith  aqa<u'i. 
wiM  i'  lid  Ai)way  "Stfiko"  dry  polloted  foeti  ^ libit  nin  daily  and 
ni.i  t t.'r  i .1 1 was  s.ipliom'd  ovory  ot  lior  liay’ . 'I'ho  WiUt'r  tomporaturo 
in  oaoli  .upiarinm  was  mainlaiiu'd  at  AH  » 1 . o'V . In  ordor  to 

maintain  a ilis.solvod  I'xyaon  ciini'i'iit  tat  ion  >t>0\\  of  :'..ttntat  ion, 

the'  li'sl  wati'f  war.  i-ont  innously  ai'ralt'it. 

Wator  .ind  tir.li  sampb'r.  v.'oi  i'  t aki'n  t rom  tho  oxpor.nrt'  ai]n.triiim 
on  d.iy::  1 , 2,  ‘I  .ind  H and  t'lom  tho  oontiol  atpiai  inm  on  itay  8. 
On  I'a.-li  r.amplini)  il.ty,  t r i p 1 i <.-a  t »'  S.O  m!.  water  r.amides  were 
pipi'tti'd  diieotly  into  so  int  i .1  1 .it  ii>n  vials  eont.iiniiuj  !*>  mt 
ol  eonnt  iiuj  r.olnt  ion.  'I’lio  vi.ils  were  t litni  plaoist  in  a Model 

i’ 1 1 2 I’.iok.iid  'I’ri-t'.irli  hiipiid  !'.<•  i nt  i I 1 .it  ion  r.pi'et  romet  er  for 

qn.int  i t .1 1 i on  ot  ’ ‘‘t'-n  i t i oqlyt’or  i ne  . 

I'onr  iir.li  ol  e.ieh  r.pis'ii'r.  wmi.'  withdr.iwn  on  e.it.-h  s.implinq  itay 
• ind  filli'tod.  Puplie.ite  ;;.inipU's  ol  t lu*  edible  t i sr.ne  (Irillet) 
were  wet  weiqhed  .ind  .lii-drioii  lor  ea  2.1  hours  in  eombnstion 

ei'iies  .It  P.ieli  ilrii'd  s.impli'  w.is  then  eombusted  in  a 

l’.i(;l..ii  tl  ttoilel  U1(>  ;:.impli'  fix  i li  i r . 'I’he  re.snltinq  ' ’*00^  w.is 
t t .ipped  .ir.  .1  i-.irbon.i  1 1'  in  .i  mixture  of  Carbosorb  (IM  hyaiiiine 
hydioxidi-  in  mot  li. mol)  .md  si- i n t i 1 1 .i  t or  llniit  (<1  q 98‘4  PPO  t 

2‘’.  MSM/liti'i  ti'lin'iu')  into  .i  so  i nt  i 1 1 .i  t ion  v i .i  1 . 
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The  vials 


were  thou  placed  in  t lio  spectrometer  and  the  activity  of  each 
sample  Wiis  determined. 

Recovery  latos  t)t'  tlic  oxidizer  were  determined  prior  to  anal- 
yzing each  sot  of  samples  by  coml^usting  and  counting  the  activ- 
ity of  a standaid  leference  material  (New  England  Nuclear  Corp.) 
and  comparing  the  measured  value  to  tlie  known  theoretical  value 
of  the  standard.  'I'lie  counting  efficiency  (E)  for  each  sample 
was  determined  as  follows.  Aliquots  of  a '‘*C-toluene  standard, 
obtained  from  New  England  Nuclear  with  an  accurately  known 
specific  activity  were  added  to  a series  of  counting  vials  con- 
taining counting  solution  of  a type  and  volume  identical  to 
those  used  for  counting  water  or  combusted  tissue  samples. 
Increasing  volumes  of  ni  trometliane , a chemical  quenching  agent, 
were  tlien  added  to  individual  vials  in  each  series.  The  vials 
were  counted  with  two  channels  simultaneously  and  the  channel 
1 atios  determined.  The  counting  efficiency  of  each  standard 
was  determined  as  the  quotient  of  counts  per  minute  divided  by 
the  disintegrations  per  minute  of  the  standard.  From  these 
data,  a graph  of  counting  efficiency  versus  channel  ratio  was 
constructed  for  each  of  the  two  types  of  samples  (water  and 
tissue) . Counting  efficiences  of  all  test  samples  were  deter- 
mined by  calculating  the  channel  ratio  and  interpolating  the 
corres[ionding  counting  efficiency  from  the  graph  (Bi'ansome, 
1970).  My  t)iin  method,  counting  efficiencies  for  '"'C-nitro- 
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I 

II 

1 cjlycorino  rtinyed  from  78%-79%  for  water  and  from  51%-68% 

for  fish  tissue. 

] 

hackqroimd  It'vels  of  radiation  for  water  and  fisli  were  deter- 
^ mined  by  analyzing  control  samples  prior  to  tlie  initiation  of 

j tlie  stiKly  and  were  measured  to  bo  28  cpm  for  water  and  fish. 

All  samples  weie  counted  for  a minimum  of  100  minutes  or  until 
] L>,000  counts  were  generated.  IJsiny  this  procedure  and  the 

calculations  described  in  Standard  Methods  for  the  Examination 
of  V.'ater  and  Wastewater  (APllA,  1971)  it  was  determined  (at  the 
j 9')"  cent  idence  level)  that  the  minimum  detectable  activity 

iibove  mean  backipouiul  levels  (minimum  net  cpm)  was  22  cpra.  The 
j lowest  iu>t  cpm  of  any  tissue  sample  measured  during  tlie  study 

I war.  27.  A maximum  6.61  counting  error  is  associated  with  this 

' value.  This  is  the  maximum  counting  error,  as  the  percentage 

j counting  error  for  each  sample  depends  on  the  net  cpm  of  that 

sample  aiul  V’aries  inversely  with  the  activity.  The  minimum 
detectable  *'’C-residue  concentration  for  edible  tissue  is  a 
range  as  it  depends  on  the  efficiency  and  weight  of  eacli  sample. 
The  end  points  of  the  range  are  calculated  by  using  the  lowest 
efficiency  and  lightest  sample  weight  measured  (maximum  limit) 
and  th('  highest  efficiency  and  the  heaviest  sample  weight  (mini- 
mum limit) . 

The  calculations  used  in  determining  the  concentration  of  '“c- 
ni  trogl  ycv'r  ine  or  ' C-res  i dues  in  each  sample  wore  the  following; 
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i.  net  counts/minute  (cpm) 


(sample-background)  cpm 


ii.  counting  efficiency  (E) 


from  channel  ratio  method 


iii.  disintegrations  per  minute 
(dpm)  in  counted  sample 


net  cpm 

counting  efficiency  (E) 


iv.  total  * ''C-residues 

calculated  as  nitroglycerine 
(pg/t)  (yg/mf  or  yg/g) 


dpm  in  combusted  sample 
specified  activity  of  the 
nitroglycerine  superstock 
X sample  size  (dpm/yg)  x 
g or  m£.) 


Sample  Calculation 

net  cpm  (619)/E  (0.57) = 5.6  mg/kg  * 'c-residues 

specific  activity  x sample  wt.  calculated  as  nitroglycerine 

317  (0.616  g) 

Each  set  of  daily  sample  measurements  was  examined  for  "outliers", 
or  extreme  observations,  according  to  the  method  of  Dixon  and 
Massey  (1957)  . Any  values  determined  not  to  be  from  the  same 
"population"  as  the  other  values  in  that  set  (P=0.05)  were  dis- 
carded. A mean  nitroglycerine  concentration  was  then  calculated 
from  the  measured  activity  of  the  samples  determined  for  each 
sampling  day. 


(D)  Critical  Life  Stage  Studies  - The  effects  of  30  days  con- 
tinuous exposure  to  nitroglycerine  on  the  eggs  and  fry  of 
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channel  catfish  and  fathead  minnows  were  investigated  using  the 

procedures  recommended  by  U.S.  EPA  (1972).  In  addition,  due  to 

the  hiqh  mortality  observed  during  the  first  fathead  minnow  study, 

a second  study  was  initiated  with  fathead  minnow.  This  study  was  I 

run  for  7 days,  at  which  point  it  was  terminated  due  to  the 

verification  of  the  previous  data,  and  reset  at  lower 

concent  rat  ions  in  a third  study.  A proportional  diluter  (Mount 

and  Brungs,  1967)  modified  with  a McAllister  (1972)  chemical 

metering  device  delivered  water  and  toxicant  at  a diluter 

factor  of  0.5  to  the  test  aquaria.  Chemical  stoclt  solutions 

were  dissolved  in  nanograde  acetone  and  distilled  water  to  a 

1 

volume  of  two  liters.  Stock  solutions  were  shielded  from  | 

light  throughout  the  test.  A magnetic  stirring  device  was  | 

placed  under  each  stock  solution  and  moderate  stirring  was  j 

maintained  in  the  stock  solution  throughout  the  test.  For  the  | 

f 

second  and  third  fathead  minnow  studies,  the  stock  solution 

was  delivered  to  the  mixing  chamber  bv  means  of  a 50  ml  glass  i 

syringe  with  a stainless  steel  needle.  Stock  solutions  were 

prepared  weekly.  Five  concentrations,  a control  and  solvent 

control  flowed  through  separate  glass  delivery  tubes  to 

duplicate  test  aquaria.  Thus,  each  concentration  and  each 

control  was  replicated  and  each  replicate  was  designated  as 

either  A replicate  or  B replicate.  Test  aquaria  measured  30  x 

35  X 30  cm.  Each  test  aquarium  contained  two  growth  chambers 

(13  X 30  X 27  cm)  designated  A and  B,  which  had  stainless  steel 

40  mesh  screen  affixed  to  one  end  allowing  water  to  drain  out 

while  retaining  the  young  fish.  A constant-level  drain  tube 
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extending  15  cm  above  the  bottom  of  each  test  aquarium  retained 
a total  volume  of  15.75  1.  Each  growth  chamber  contained  a water 
volume  of  5.9  1.  A glass,  flow-splitting  chamber  was  calibrated 
to  deliver  an  equal  volume  to  each  of  the  growth  chambers.  The 
test  water  was  delivered  to  all  chambers  at  a mean  flow  rate 
of  8,1  tank  volumes  for  channel  catfish  and  7.4  tank  volumes  for 
the  first  fathead  minnow  exposure  and  6.8  tank  volumes  for  the  second 
and  third  fathead  minnow  exposures  per  24  hours. 

A constant  temperature  of  22  + 1.0°C  was  maintained  for  test 
organisms  by  placing  aquaria  in  water  baths  in  which  circulating 
water  was  heated  by  immersion  coil  heaters  and  regulated  by 
mercury  column  thermoregulators. 

Exposure  of  channel  catfish  eggs  began  within  48  hours  after 
fertilization.  Eggs  were  obtained  from  a catfish  farmer  in 
Missouri.  Fifty  eggs  were  randomly  distributed  to  each  egg 
cup.  Eggs  were  treated  each  day  during  the  first  three  days 
of  exposure  with  a 3 minute  dip  in  a 30  ppm  solution  of 
malachite  green  to  retard  fungus.  Dead  eggs  were  removed 
and  counted  each  day  until  hatching  was  completed  (8-9  days 
after  exposure  began) . Subsequently,  25  fry  were  randomly 
selected  and  transferred  to  the  larval  growth  chambers.  Fry 
were  fed  brine  shrimp  nauplii  ^ libitum  twice  per  day  and 
Agwav  Strike  Trout  Starter  once  per  day,  beginning  5 days  after 
hatching  was  completed  and  continuing  throughout  the  larval 
exposure  period. 
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Exposure  of  fathead  minnow  eggs  began  within  24  hours  after 

i fertilization.  Eggs  were  obtained  from  brood  stocks  at  the 

1 

■ Aquatic  Toxicology  Laboraotry  of  E G 4 G,  Bionomics  in  Wareham, 

Massachusetts. 

At  least  thirty  five  eggs  were  randomly  distributed  to  each  egg  cup. 
r)ea<.l  eggs  were  removed  and  counted  each  day  until  hatching  was 
completed  (3-5  days  after  exposure  began  at  22°C) . After 
^ hatching  was  completed,  25  fry  were  randomly  selected  and  trans- 

ferred to  the  larval  growth  chambers.  Fry  were  fed  brine  shrimp 
' nauplii  ^ libitum  twice  per  week,  beginning  one  day  after  hatching 

was  completed  and  continuing  throughout  the  exposure  period. 

' For  both  species  the  two  egg  cups  were  oscillated  in  their 

i 

I respective  test  vessels  by  means  of  an  egg  cup  rocker  arm 

apparatus  (Mount,  1968) . Percentage  hatch  was  based  on  the 
number  of  live  fry  in  the  egg  cup  when  hatching  was  completed. 

After  fry  were  transferred,  growth  chambers  were  siphoned  twice 
weekly  to  remove  fecal  material  and  excess  food.  With  the  exception 
of  the  second  fathead  minnow  test,  total  length  of  each  group 
of  fry  was  determined  at  30  days  post-hatch  using  the  photographic 
method  of  McKim  and  Benoit  (1971) . Percentage  survival  at  30  days 
I post-hatch  was  also  recorded  at  this  time. 

, Based  on  acute  toxicity  information,  nominal  concentrations  to  be 

j studied  during  embryo-larval  studies  ranged  from  0.07-1.25  mg/1 

j for  channel  catfish,  and  ranged  from  0.03-3.75  during  the  various 

I 

I fathead  minnow  studies. 
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At  the  initiation  of  the  channel  catfish  test,  the  highest  con- 
centration of  solvent  in  the  test  chamber  was  116  mg/1 . Prob- 
lems with  nitroglycerine  coming  out  of  solution  and  forming 
globules  in  the  chemical  stock  bottle  necessitated  raising 
the  percentage  solvent  (acetone)  in  the  stock  solution.  Beginning 
on  test  day  13  post-hatch,  the  highest  concentration  of  acetone 
in  a test  chamber  was  155  mg/1.  However,  the  solubility  problem 
still  persisted  throughout  the  test  with  small  globules  of 
nitroglycerine  forming  in  the  stock  bottles.  The  concentration 
of  acetone  in  the  solvent  control  was  125  mg/1  from  day  1-13 
post-hatch,  and  155  mg/1  from  day  13-30  post-hatch. 

Solubility  problems  were  also  encountered  during  the  first  fathead 
minnow  study  which  was  performed  concurrently.  On  day  0 of  this 
study,  the  highest  concentration  of  solvent  in  a test  chamber 
was  116  mg/1,  on  day  4 this  concentration  was  increased  to  193  mg/1, 
on  day  14,  to  290  mg/1  and  on  day  24,  to  387  mg/1  (100%  acetone 
in  stock  solution) . The  concentration  of  acetone  in  the  solvent 
control  was  125  mg/1  on  dav  0 and  was  increased  proportionally  each  time 
the  concentration  of  acetone  in  the  stock  solution  was  raised. 

During  the  second  and  third  fathead  minnow  embryo-larval  studies, 

due  to  a change  in  the  stock  delivery  device,  the  maximum  concentration 

of  solvent  was  reduced  to  18  and  9 ug/1,  respectively. 

The  means  of  the  measured  biological  parameters  (from  duplicate 
aquaria)  were  subjected  to  analysis  of  variance  according  to 
Steel  and  Torrie  (1960)  . The  data  for  percentage  survival  and 

L- 
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norcentaqe  hatch  were  transformed  to  arcsin  \^ercentaqe  prior  to  analvsis. 

When  treatment  effects  were  indicated,  the  means  of  these  effects  were 

subjected  to  Dunnetts  procedure  for  comparing  treatment  means  with 

control  (Steel  and  Torrie,  1960) . All  differences  were  considered 
statistically  significant  at  a probability  of  P=0.05. 

(E)  Invertebrate  Chronic  Tests  “ To  investigate  the  chronic 
toxicity  of  nitroglycerine  to  both  midge  iacvae  and  daphnids,  a pro- 
portional dilutor  (Mount  and  Brungs,  1967)  with  a dilution 
factor  of  0.5  and  a syringe  injector,  delivered  the  test  water 
and  test  compound  to  the  mixing  chamber,  and  mixing  cells. 

From  the  mixing  cells,  tlie  nitroglycerine  solutions  were  de- 
livered to  each  of  4 replicate  aquaria  through  individual 
glass  delivery  tubes.  Nitroglycerine  stocks  were  prepared  in 
100%  acetone.  Two  of  the  4 control  replicate  aquaria  received 
doses  of  acetone  identical  to  the  greatest  amount  of  acetone 
delivered  to  the  nitroglycerine  treated  vessels,  to  detect 
any  possible  acetone  related  effects.  The  concentration  of 
acetone  in  these  aquaria  was  92  mg/l. 

Each  experimental  unit  consisted  of  cylindrical  glass  battery 
jars  18  cm  high  and  13.5  wide.  A 3 x 8 cm  notch  was  cut  into 
the  top  edge  of  the  aquaria  and  covered  with  nytex  40  mesh 

screen  to  provide  drainage.  Cylindrical  cages  constructed  of  j 

! 

aluminum  16  mesh  screen  were  affixed  to  the  battery  jars  to 
allow  for  adequate  emergence  areas  for  the  C.  tentans  chronic 
exposure . 

i 


TIu'  walor  depth  Vv^ithin  the  nqiuiria  was  15  cm  and  the  volume 
was  1.75  1.  Fifty  mj  of  tlio  water  was  delivered  to  the  in- 
dividual test  vessels  every  25  minutes  duriny  the  water  flea 
exposure.  Fifty  inH  of  the  water  were  deliv/ered  to  the  indi- 
vidual test  aquaria  every  8 minutes  during  the  midge  larvae 
e.xposure . For  both  species,  the  initial  3 days  of  the  exposures 
were  maintaim'd  under  static  comiitions  to  prevent  damage  of 
the  early  instar  organisms  due  to  turbulence. 

Dissolved  o.xygen  and  temperature  were  measured  throughout  these 
e.Nposui  t>s  with  a YSI  dissolved  oxygen  meter  equipped  with  a 
combination  oxygen- tempera ture  probe. 

Dap hnia  magna  (<24  hours  oUl) , procurred  from  laboratory  stock 
eultuies,  were  used  to  initiate  the  chronic  exposv\ro.  Twenty 
water  flea  were  randomly  assigned  to  each  test  aquarium.  Ob- 
servations of  survival  and  production  of  young  were  made  weekly 
for  each  test  aqviarium.  If  young  were  present,  tliey  were 
counted  and  discarded.  On  day  21,  twenty  young  from  each 
aquarium  were  rc-tained  for  the  initiation  of  the  second  genera- 
tion exposure. 

Chij^onomus  ^entans  (<48  hours  old),  procured  from  laboratory 
cultures  were  vised  Ivi  initiate  tliis  clironic  exposure,  .^t  least 
fifty  organisms  were  placed  in  each  test  vessel.  Prior  to 


the  intioduction  of  the  test  organisms,  the  aquariii  were  sup- 
plied with  a substrate  consisting  of  homogenized  paper  towel, 
in  water,  approximately  1 cm  deep,  and  one  hundred  2 and  3 min 
diameter  sections  of  glass  tubing,  2 to  3 cm  long.  Early 
instar  midge  larvae  utilize  the  paper  towel  substrate  for 
construction  of  dwelling  tubes,  while  late  instar  larvae,  gen- 
erally utilize  the  glass  tubing,  where  their  numbers  can  be 
visibly  quantitated. 

Determinat ion  of  the  survival  of  larvae  was  made  after  the 
control  animals  hatl  entered  their  ^Ith  instar  stage.  Beginning 
with  tlie  onset  of  emoigence,  daily  records  were  kept  of  emer- 
gence, adult  survival,  pupae  survival,  and  egg  production. 

'J’lic  data  Vv’ore  compiled  up  to  the  day  at  which  adult  mortality 
of  the  control  animals  was  greater  than  emergence  of  these 
controls;.  At  this  point  the  aquaria  were  cleaned,  new  sub- 
strate was  supplied,  and  the  second  generation  was  initiated 
with  l.u  Vijo  origin.it  ing  from  egg  masses  taken  from  the  same 
treatment  lev'cl  into  wliich  they  were  placed. 

The  food  supplied  in  these  bioassays  consisted  of  homogenized 
Aqway  "Strike"  and  cerophyll  (20:1  ratio).  The  combination 
was  blended  in  water  and  was  filtered  through  a stainless  steel 
102  mesh  .screen  for  renioval  of  large  particles  prior  to  use. 

A 0.2  mf,  aliquot  of  the  supern.itanl  of  the  food  solution  (35 
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mq/ml)  was  pipetted  into  each  aquarium  of  the  water  flea  test 
three  times  daily.  Aliquots  ranqinq  from  0.2  to  0.4  ml  of 
this  solution,  dependinq  upon  the  orqanic  enrichment  of  the 
water,  were  pipetted  into  each  aquarium  durinq  the  midge  larvae 
chronic  exposure  three  times  daily. 

Means  of  the  measured  bioloqical  parameters  from  duplicate 
aquaria  were  subjected  to  analysis  of  variance  (comoletely 
I•andomi^ed  block  desiqn,  P=0.05).  The  data  for  percentage 
surviv’al  and  percentage  hatch  were  transformed  to  arcsin 
y^ercentaqe  prior  to  analysis.  IVhen  treatment  effects  were 
indicated  these  means  were  subjected  to  Dunnett's  procedure 
iSteel  and  Torrie,  1060).  When  a treatment  mean  was  significantly 
different  (r=0.05)  from  the  pooled  control  mean,  that  treatment  level 
was  considered  a toxic  effect  level. 

(K)  Fatiiead  Minnow  Chronic  Study  - To  investigate  the  chronic 
toxicity  of  nitroglycerine  to  fathead  minnows  we  closely  followed 
the  recommended  bioassav’  procedures  for  fathead  minnow  chronic  tests 
issued  by  the  Environmental  Research  Laboratorv,  Duluth,  Minnesota 
(U.S.  EPA,  1071b) . 

A proportional  diluter  (Mount  and  Brungs,  1067)  with  a dilution 
factor  of  0.5  was  used  to  deliver  fiv’e  concentrations  of  nitro- 
glycerine and  two  controls  to  duplicate  test  aquaria.  One  control 
received  only  the  diluent  water  (negative  control)  and  a 
second  control  received  a volume  of  acetone  (positive  or 


solvent  control)  equal  to  that  which  was  added  to  the  aquaria 
containinq  the  highest  concentration  of  nitroglycerine  and 
acetone  to  which  fish  were  exposed.  A stoclc  solution  of  nitro- 
glycerine, dissolved  in  acetone  was  delivered  to  the  mixing 
container  from  a 50  ml  glass  syringe  with  a stainless  steel 
needle.  The  amount  of  acetone  added  to  the  highest  concentration 
of  nitroglycerine  and  to  the  solvent  control  was  5.4  mg/1.  This 
IS  less  than  0.001  of  the  7-day  LC50  of  acetone  to  fathead  minnows 
as  reported  by  Cardwell  (1975).  A flow  splitting  chamber  (Benoit 
and  Puglisi,  1973)  was  used  to  promote  mixing  of  the  nitroglycerine 
and  diluent  water  urior  to  deliverinq  test  water  to  the  aquaria 
through  glass  tubing.  Each  glass  aquarium  (90  x 30  x 30  cm)  was 
subdivided  by  a stainless  steel  40  mesh  screen  to  provide  space 
for  two  fry  chambers  (30  x 12  x 35  cm)  and  a spawning  chamber. 

Each  aquarium  was  duplicated,  resulting  in  two  aquaria,  four  fry 
chambers  and  two  spawning  chambers  for  each  test  concentration. 

|!  The  water  level  in  each  aquarium  was  maintained  at  15  cm  by  a 

standpipe.  The  flow  rate  to  the  duplicate  spawning  and  quad- 
ruplicate fry  chambers  was  seven  times  their  volume  per  24 
hours . 

Five  spawning  tiles  made  from  halved,  7.5  cm-wide  sections  of 
10  cm  diameter  cement-asbestos  drain  tile  were  placed  in  each 
spawning  chamber  with  the  concave  surface  downward.  Egg  groups 
were  incubated  in  "egg  cups"  made  from  5 cm  diameter  glass  jars 
with  Nytex  40  mesh  screen  bottoms.  The  egg  cups  were  oscillated 
in  the  test  water  by  means  of  a roc)ter-arm  apparatus  driven  by 
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a 2-rpm  motor  (Mount,  1968). 


A constant  tcm[)orature  of  25  + 1 . o”c  was  maintained  in  the 
aquaria  by  placincj  them  in  water  baths  wittiin  which  circulatinq 
water  w.is  heated  by  immersion  coils  and  requlated  by  a mercury 
column  tliermorequlator . 

Ttio  photoperiod  followed  the  normal  davliqht  hours  of  Evans- 
ville, Indiana  (U.S.  EPA,  1971b)  and  was  adiusted  on  the  first 
and  fifteenth  day  of  each  month  beqinninq  with  the  Evansville 
daylonqth  of  December  1st  on  the  first  day  of  the  test  as 
suqqested  in  the  protocol.  Illumination  was  orovided  by  a 
combination  of  Durotest  (Optima  F.S.)  and  wide  spectrum  Grow 
bux  fluorescent  liqhts  located  centrally,  64  cm  above  the 
surface  of  the  water  in  the  aquaria.  The  entire  experimental 
unit  was  screened  with  blaclc,  polyethvlene  curtains  to  prevent 
disturbance  of  tlie  fish  and  to  minimize  the  effect  of  ambient 
laboratory  liqhtinq  on  the  intended  photoperiod. 

Temperature  and  dissolved  oxyqen  concentrations  ware  measured 
daily,  usinq  a Y.S  1 dissolved  oxyqen  meter  with  a combination 
electrode  polaroqraphic  probe,  in  test  aquaria  on  a rotatinq 
basis  so  that  all  aquaria  were  checlccd  at  least  once  each 
weel< . Total  hardness,  all^alinity,  pH  and  aciditv  were  measured 
in  e<ich  concentration  durinq  the  test,  accordinq  to  methods 
described  in  APHA  (1971).  Water  samples  were  removed  weeltly 
from  each  aejuarium  durinq  the  first  four  weel^s  and  ev'ery  other 
weel<  for  the  remaintler  of  the  test  to  monitor  nitroqlycerine 
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;)iK'  to  DiobJoris  in  av'a  i 1 ah i 1 i t\’  of  tH-;qs,  the  chronic  exposure  of 
tathivui  miniK)ws  to  n i tro<ilvcerine  beqan  on  ^uyust  5,  1975  witti  try 
ol't.iiiu'il  f rom  t lie  hnv  i ronmen  ta  1 Research  Laboratory,  Newton,  Ohio  (EPA)  . 
".Vent'’  tty  (•  2-1  hours)  were  placed  in  each  ♦"r'^  chamber  and  were  fed 
bt  ine  shrimp  (Artemia  salinia)  naunlii  ^ 1 ibi turn  three  times  daily  for 
the  ; list  10  days.  Durinq  the  next  10  days,  fry  i.'ere  fed  frozen  brine 
shrimp  ttiree  times  daily.  At  30  and  60  days,  percentage 
suryiyal  and  mean  total  lengths  were  determined  using  a photo- 
graphic method  (McKim  and  Benoit,  1971) . At  60  days  post- 
hatch, fish  from  the  two  fry  chambers  in  each  duplicate  aquarium 
were  combined  and  15  fish  were  impartially  selected  and  placed 
in  the  respectiye  spawning  chambers.  The  remaining  fish  were 
wet  weighed  in  groups  and  frozen  for  possible  tissue  analysis 
of  nitroglycerine.  While  in  the  spawning  chambers,  fish  were 
fed  frozen  brine  shrimp  twice  daily  supplemented  by  Daphnia 
magna  and  Agway  "Sti'ike"  until  the  study  was  completed. 

All  tanks  \\^'re  si plioni^d  weekly  to  remove  fecal  material  and 
other  particulates.  Tanks  were  brushed  every  other  month  when 
algal  (jrowth  was  excessive. 

By  test  day  174,  most  fish  had  well  developed  secondary  sexual 
characteristics  and  the  sex  ratio  in  each  aquarium  was  reduced 
by  selecting  three  males  and  six  females  for  continued  exposure 
and  discarding  the  remaining  fish.  Research  at  this  laboratory 
has  shown  that  a reduction  of  the  total  number  of  fish  and  of 
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t h«'  r.itiii  (.it  males  to  t emaU's  in  the  spawnimi  chanUier  can  result 
in  an  uu'ieased  number  of  spawns  and  number  of  viable  ev^qs. 

Wht'ii  st'awnimi  beij.in  (day  IH'i),  e>.Ms  weie  removt'd  from  the 
iindeiside  ot  spawn  i luj  t i Itvs  after  1:00  p.m.  t'ach  day  and  counti'd. 
Kitty  (SHIS  t rom  t tu'  first  ten  spawns  in  each  aipiarium  were  placed 
in  individual  «'()ii  cups  suspendt'd  in  the  corresponding  test 
water.  dnnips  ot  I'ontrol  eiips  were  transferred  to  nitroglycerine 
treatt'd  apuaria  in  which  little  or  no  spawnimi  had  occurred. 
l\'rc(Mit  a>)e  hatch  was  calculated  for  each  iiroup  of  eipis  incubated 
and  t lu'  iiK'an  nuiubt'r  of  spawns  per  female,  epqs  per  spawn  and 
t'i)i)s  pt'r  ft'inale  wiMe  di'termined  for  each  duplicate  spawning  chamber. 

'IVenty  try  from  t ht'  first  two  incubated  spawns  in  each  a(iuarium 
wt'i «'  pi  act'd  in  the  cor  respond  i lui  frv'  chambers  and  fed  brine 
shrimp  nauplii  ad  Hbitum  three  times  tlaily  for  .10  days. 

I'cintrol  try  wt'it'  transferred  to  treatment  levels  where  no 
spawnimi  (’ll'  poor  hatchimi  had  occurred.  After  .10  days  exposure, 
pt'it't'iit  aiie  surviViil  and  total  lemith  of  fry  were  determined 
f'hot  fniraphical  ly  and  t'ach  fry  proup  was  weiphed  to  determine 
avt'i'.iiU'  wt't  wei()ht  of  survivim)  fish. 

The  tt'sf  was  terminated  on  tlay  26(i,  after  spawnimi  had  virtually 
I't'ast'd  tor  a pt'i  ioil  fit  tint'  week  in  all  aipiaria.  Total  It'mith, 
wet  weipht  , st'x  ami  iionail  condition  were  determint'd  for  each 
tish  and  .ill  fish  weft'  ftozen  for  possible  tissue  analysis. 


ot  t lu'  .mu't  «ms  frum  duplicate  .-upu-tiia 

well'  sub  ii'i't  I'd  1 1'  aiKilysis  I't  vaiiaui'i'  (ciimplet  ely  laiuliimi  zi'd  bliU'k 


di'siuu  1’  O.OS).  'rtu'  data  tiir  perceiitaue  survival  and  perceutaue 

hafi'b  well'  t rails  t o rmed  to  arcs  i ii/peroeiit  aiie  prior  to  analysis. 

Will'll  t rea  t nil'll  f etteots  wt're  iiulioated,  these  iiii'ans  were  subieeti'd  to 
buniu'tt's  proi'i'diire  oi,  wtu'ie  there  wi'ie  i nsu  f t' i e ien  t error  deurees 
ol  I ii'i'dom  {''')  to  obtain  a d'  us  i lui  I’lunnett's  ti'st,  t hi'  test  tor 
least  siunit  leant  d i t t t>i  er.ee  (Steel  and  'I'otrie,  l‘ltiO).  Wht*n  a 
t 1 ea  t men  t mean  was  s i an  i t ii'ant  1 y ditterent  (TO. 0‘S)  t rom  the  control 
mean,  th.it  tri'atment  level  was  considered  a toxic  effect  levt'l. 

I'hemii'.il  Mi'thoiis 

Puiino  the  st.it  ic  bio.iss.iys  to  i lives  t i u.at  t*  the  possible  deoradation 
ot  n 1 1 1 on  1 ycer  me  in  w.iti'i,  10  ml  samv'les  of  test  solution  were  re- 
iih'ved  tor  .in.ilysis.  'riu'  n i t roa  I ycer  i iie  w.as  extr.icted  from  wafer  by 
.iddiii'i  -1  a ol  N.u'l  til  the  10  ml  samplt'  in  .-i  al.ass  stiippeii'd  vessel, 

.idd'ua  l.O  ml  ot  ben/.ene,  .ind  sh.ikina  the  mixture  tor  one  minute. 

Attei  ph.ise  sep.ir.it  ion,  .in  .iliquiit  of  the  benzene  l.iyt'r  w.-is  .an.-i- 
ly/.ed  by  a.»s  I'hri'iii.i t I'a r.-iphy . 

I'ui  i na  .ill  .icute  .ind  chronic  flow-throuah  expt'r  i ment  s , SOO  ml  w.ater 
I s.imples  were  t.iken  (’er  i od  ica  1 I y tor  aas  chroiii.-i  t oaraoh  i c an.alv’^is  ti' 

au.intit.ite  uH'.in  me.isured  n i t roa  1 yct'r  i ne  concen  t r.at  ions . S.amples 
well'  exti.icti'd  with  three  ‘U)  ml  vi'luiiii's  of  ethyl  I'ther,  tin*  t'x- 
; t r.iet  s were  ciMiibined,  .iiul  re f r i ai'r.i t ed  in  JOO  ml  ambt'r  al.ass  vt's- 

.'lels  with  'I’e t I on*^- 1 i ned  I'.ips. 

The  .in.ilysis  ot  w.iter  s.imples  ti>t  n i t roa  1 ycer  i lU'  w.-is  pertinmed  .ii'- 
coidina  to  methoils  desi'iibt'il  by  W i I I i .ims  .ind  Murr.ay  (l‘>t,t,) 


r 
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using  the  following  operating  conditions: 


Instrument:  Tracor  Model  MT-550  with  Ni^^  electron  capture 

detector . 


Column:  6'  x 4 mm  glass  column  containing  5%  DC-200  on 

silanized  80/100  mesh  Supelcoport  packing. 


Carrier  gas:  Column,  65  cc  N2/niinute  at  14  psi  back-pressure 
detector,  30  cc  N2/n'inute  purge. 


Temperatures:  Inlet:  200°C  Outlet:  210°C 

Column:  125°C  Detector:  BOO^^C 


Recorder:  Corning  Model  841,  0-1  mv  full  scale,  0.5/minute 

chart  speed. 


Response:  12  ng  of  nitroglycerine  eluted  in  4.2  minutes  and 

gave  half-scale  recorder  response  at  an  electro- 
meter attenuation  of  1.6  c 10~^  amperes. 


Seven  quality  control  samples  containing  1.0  and  10  mg  nitro- 
glycerine per  liter  were  analyzed  with  77  + 7.5  and  83  + 6.7 
percent  recovery,  respectively. 
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RESULTS 

(A)  Static  Acute  Toxicity  Tests  - Ni troclvcer ine  was  qenerally 
about  10  X less  toxic  to  the  invertebrates  than  to  the  fishes 
and  two  of  the  phytoplankton  species  (M.  aeruginosa  and  A.  f los- 
aquae ) during  static  acute  toxicity  tests.  The  acute  toxicitv 
of  nitroglycerine  to  all  of  the  invertebrates  tested  was  re- 
markably similar;  the  48-hour  ECSO  values  ranged  from  46-55 
mg/1.  The  acute  toxicity  to  fishes  was  remarkably  similar; 
the  96-hour  LC50  values  ranged  from  2. 5-3. 2 mg/1.  The  acute 
toxicity  (96-hour  EC50)  of  nitroglycerine  to  the  phytoplankton 
species  varied  over  the  range  of  0.4  mg/l  to  >10  mg/1  depending 
upon  the  species  tested. 

During  the  phytoplankton  bioassays,  since  any  lactose  not 
removed  during  the  dissolution  of  nitroglycerine  in  acetone  could 
be  a nutrient  source  for  algae,  both  solvent  control  and  lactose 
controls  were  conducted.  Test  cultures  treated  with  acetone 
exhibited  no  differences  either  in  number  of  ceils/ml 
or  chlorophyll  a concentrations  compared  with  untreated  controls. 
Exposure  to  100  mg/l  lactose  (equivalent  to  10  mg/l  nitroglycerine 
in  lactose)  had  no  effect  on  either  the  number  of 
cells/ml  or  chlorophyll  a of  M.  aeruginosa,  A.  f los-aquae  or  N. 
pe 1 liculosa . Exposure  to  10  mg/l  lactose  did  result  in  a 24% 
increase  in  the  number  of  S.  capricornutum  cells/ml  compared  to 
untreated  controls,  and  data  are  corrected  for  this  effect.  The 


EC50  values  for  nitroglycerine  based  on  any  of  the  parameters 
ranged  from  0.4  mg/1  to  >10  mg/1  (Table  1).  Nitroglycerine 
depressed  the  growth  of  all  algae  tested  except  A.  f los-aquae 
as  measured  by  number  of  cells  or  optical  density  (Table  2) 
or  chlorophyll  a concentrations  (Table  3) . The  chlorophvte, 

S.  capricornutum  was  the  most  sensitive  alga  tested  (96-hour 
EC50,  0.4  mg/1;  based  on  decrease  in  number  of  cells/ml) 
while  the  blue  green  algae  were  least  susceptible  to  nitro- 
glycerine, with  A.  f los-aquae  being  completely  unaffected  by 
exposure  to  10  mg/1  nitroglycerine. 

The  estimated  LC50  values  for  all  fish  species  and  EC50  values 
for  all  invertebrate  species  are  summarized  (Table  4) . No 
mortality  was  observed  among  the  fish  and  invertebrate  species 
exposed  to  the  lactose  or  acetone  controls. 

The  acute  toxicitv  of  nitroglycerine  to  various  life  stages 
of  the  fathead  minnow  varied  only  slightly  (Table  5) . The 
eggs  at  the  time  of  hatching  appeared  to  be  the  most  sensitive 
life  stafe  to  nitroglycerine  exhibiting  a 144-hour  LC50  of  1.2 
mg/1.  Conversely,  the  1-hour  old  fry  appeared  more  tolerant 
than  the  older  life  stages  tested. 

The  acute  toxicity  of  nitroglycerine  to  bluegill  was  essentially 
unaffected  by  variations  in  water  quality  (Table  6) . The 
toxicity  appeared  to  be  slightly  less  at  the  lowest  temperatures 
tested.  Macek  et  al.  (1969)  observed  similar  phenomenon  witli 
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the  toxicity  of  many  pesticides  chemicals  to  bluegill  and 
trout . 


The  effect  of  aging  nitroglycerine  solutions  for  periods 
ranging  from  24  to  96  hours  had  no  effect  on  the  toxicity  of 
nitroglycerine  to  bluegill  (Table  D • In  fact,  the  essentially 
identical  96-hour  LC50  values  and  confidence  intervals  derived 
from  four  of  the  five  sets  of  solutions  tested  clearly  indicate 
that  nitroglycerine  in  water  is  stable  for  the  duration  of  the 
standard  bioassay  period  (96-hours) . This  conclusion  is 

further  supported  by  the  results  of  the  gas  chromatographic  ,, 

analysis  of  water  samoles  taken  at  various  time  intervals 
during  static  bioassays  (Table  8).  Although,  as  described  in 
the  following  section,  the  absolute  accuracy  of  these  data  is 

< 

suspect,  the  relative  stability  of  the  compound  in  water  is  j 

clearly  evident. 

(B)  Chemical  Analysis  Of  Nitroglycerine  in  water  - Water 
samples  from  the  various  acute  toxicity  tests  were  analyzed 
according  to  the  methods  previously  described.  Instrument 
response  to  successive  identical  injections  of  nitroglycerine 
standards  (8  ng)  was  extremely  variable  (+  50%)  . Williams  and 
Murray  (1966)  have  suggested  that  column  conditioning  (i.e., 
hourly  injections  of  a large  weight  of  nitroglycerine)  is 
necessary  to  keep  the  GC  column  saturated  and  achieve  repro- 
ducible results.  We  completed  the  analysis  of  the  above  samples 
(Table  8)  and  are  confident  of  the  relative  accuracy  of  the 

A 
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measured  concentrations  but  question  the  absolute  accuracy 
of  this  method. 


Subsequent  efforts  have  been  made  to  utilize  methods  reported 
by  Reseel  and  Bogaert  (1972)  for  the  gas  chromatographic 
analysis  of  nitroglycerine.  That  methodology  has  similarly 
been  found  to  be  inadequate  and  unreliable.  Most  recently. 

Chandler  et  (1974)  have  stated  "Although  nc  techniques 

have  apparently  been  successfully  used  for  the  determinations 
of  nitroglycerine  at  high  concentrations,  the  potential  for 
its  decomposition  during  the  course  of  analysis  make  the 
method  somewhat  questionable  for  the  determinations  of  trace 
quantities."  These  authors  recommended  a liquid  chromato- 
graphic method  as  an  alternate  approach. 

According  to  the  available  literature,  the  concentrations  of 
nitroglycerine  tested  in  this  research  effort  (i.e.,  1-10  mg/1) 
are  several  orders  of  magnitude  below  the  reported  water  solubility 
of  nitroglycerine  (1800  mg/1).  In  addition,  we  have  documented 
the  stability  of  nitroglycerine  in  water  under  a variety  of  water 
quality  conditions  for  + 48  hours.  The  remaining  research 
efforts  were  conducted  in  flow-through  systems  where  the  toxicant 
is  effectively  introduced  on  a continuous  basis,  and  radiometric 
analysis  of  water  samples  from  the  bioconcentration  study  (cf. 
part  D of  this  section)  indicated  that  little  variance  between 
measured  and  nominal  concentrations  occurs.  Furthermore,  results 
of  analyses  of  water  samples  from  the  third  embryo-larval  study 


with  fathead  minnows,  which  were  performed  by  the  U.S.  Army, 
confirmed  that  mean  measured  concentrations  were  essentially 
identical  to  nominal  concentrations.  We  have,  therefore, 
concluded  that  the  use  of  nominal  concentrations  of  nitroglycerine 
as  a measure  of  actual  concentrations  to  which  aquatic  organisms 
were  exposed  is  reasonable  and  accurate. 

(C)  Flow-through  Acute  Toxicity  Tests  - Dissolved  oxygen  con- 
centrations during  flow-through  acute  toxicity  tests  with  both 
fishes  and  aquatic  invertebrates  were  >60%  saturation.  Nitro- 
glycerine was  only  slightly  more  toxic  (incipient  LC50)  to  both 
fishes  and  invertebrates  during  flow-through  toxicity  tests 
than  during  static  tests  (Table  9) . Since  nitroglycerine  has 
been  shown  to  be  relatively  stable  during  static  tests,  this 
observation  suggests  there  is  little  cumulative  toxicity  of 
nitroglycerine  as  a result  of  duration  of  exposure,  at  least 
in  the  short  term.  The  fishes  (bluegill,  fathead  minnow  and 
channel  catfish)  again  were  approximately  lOX  more  susceptible 
to  nitroglycerine  than  the  invertebrates  (midge  and  water  flea) . 
Bluegill  and  channel  catfish  were  the  most  sensitive  species 
tested  with  incipient  LC50  values  of  0.55  an  0.50  mg/1,  respectively. 


concentration  of  14C-nitroglycerine  in  the  water  during  the 
eight-day  exposure  period  was  0.42  + 0.10  mg/1,  equivalent  to  85  + 

20%  of  the  nominal  concentration  (Table  10) . Considering  the  fact 
that  there  was  a relatively  large  biomass  in  the  experimental  unit 
which  was  b ioaccumu Lat ing  the  14C-nitroqlvcorine  to  some  extent, 
the  slight  variance  from  nominal  is  expected. 

The  concentrations  of  14C-residues  in  the  edible  portion  of  fishes 
increased  in  all  four  species  during  the  first  4 days  of  exposure 
at  wliich  time  all  four  species  contained  3-6  mg/kg  14C-residues 
calculated  as  nitroglycerine  (Table  10).  Thereafter,  no  appreciable 
increase  in  14C-residues  was  observed  in  bluegill  and  trout  despite 
an  additional  4-day  exposure.  Furthermore,  the  14C-residue 
concentration  present  in  the  edible  portion  of  fathead  minnow 
and  channel  catfish  after  4 days  exposure  decreased  approximately 
50%  during  an  additional  4 days  of  continuous  exposure. 

Based  on  a mean  measured  14C-nitroglycerine  concentration  of  0.42 
mg/1,  during  the  8-day  exposure,  and  the  mean  measured  14C-residue 
concentration  in  bluegill  (6.2  mg/kg)  and  trout  (3.2  mg/kg)  at  the 
end  of  the  3-day  exposure,  we  estimate  the  equilibrium  bioaccumulat i on 
factor  for  nitroglycerine  and  the  two  fish  to  be  ^ 15X  and  8X, 
respectively.  Based  on  a mean  measured  concentration  of  14C-nitro- 
glycerine  of  0.42  mg/1,  and  the  maximum  mean  14C-residue  concentration 
in  the  edible  portion  of  catfish  (3.0  mg/kg)  and  fathead  minnow 
(3.2  mg/kg),  we  estimate  a maximum  bioaccumulat  ion  factor  for 
nitroglycerine  and  these  two  fishes  to  be  ca  8X, 


Based  on  these  data  it  is  apparent  that  freshwater  fishes  do 
not  i’ ioaceiuau  la  t e n i t ro'i  1 veer  i ne  from  water  more  than  8-15X. 

These  estimated  bioaeeumiilat  ion  factors  for  nitroglycerine 
are  relatively  low  when  compared  to  most  other  cliemicals  simi- 
larly studied.  A summary  of  the  results  of  over  fifty  bio- 
concentration tests  with  bluegill  was  reported  by  Macek  et  al . 
(l'^)75).  These  authors  suggested  that  of  the  fifty  chemicals 
studied,  only  1 out  of  5 exhibit  bioaccumulat ion  factors  on 
the  order  of  lOX  or  less;  while  many  exhibit  bioaccumulation 
factors  ^lOOX.  It  is  also  interesting  to  note  that  the  decrease 
in  14C-residues  observed  in  catfish  and  minnows,  despite  con- 
tinued exposure,  suggests  some  type  of  enzyme  induction  process 
may  occur.  Similar  phenomena  have  been  previously  reported 
(Macek  e^  ^.  , 1975). 

(F)  Toxicity  To  Critical  Life  Stages  Studies  - During  the 
critical  life  stage  studies  with  both  fathead  minnows  and 
channel  catfish  the  water  hardness  ranged  from  26-34  mg/1 
CaCO^,  dissolved  oxygen  ranged  from  60-95%  saturation.  The 
percent  hatch  of  channel  catfish  eggs  was  unaffected  by  exposure 
to  concentrations  of  nitroglycerine  as  high  as  1.25  mg/1  (Table 
11).  After  11  days  exposure  of  fry,  and  during  the  remainder 
of  the  exposure  period,  we  observed  that  catfish  fry  exposed 
to  1.25  and  0.62  mg/1  nitroglycerine  were  lethargic  and 
tended  to  remain  stationary  on  the  bottom  of  the  test  chamber. 

When  these  fish  attempted  to  swim,  they  lost  equilibrium  and  moved 
erratically  about  the  test  chamber.  Exposure  for  30  days  to 
1.25,  0.62,  and  0.31  mg/1  nitroglycerin  significantly  reduced 
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survival  of  catfish  fry  when  compared  to  eitlier  the  control  or  solvent 
control  (Table  11),  althouqh  no  mortalitv  was  observed  durinq  the  first 
11  days  of  exoosure.  Exposure  for  30  days  to  1.25  and  0.62  mq/1  nitro- 
glycerine significantly  reduced  total  length  of  surviving 
channel  catfish  fry  when  compared  to  controls  (Table  11) . No 
significant  effects  of  exposure  of  catfish  fry  to  0.15  mg/1 
nitroglycerine  were  observed. 


During  the  first  study,  continuous  exposure  of  fathead  minnow 
eggs  to  1.87  and  0.94  mg/1  nitroglycerine  significantly  reduced 
the  percent  hatch  when  compared  to  either  the  control  or  solvent  control 
(Table  12) . Exposure  of  fathead  minnow  frv'  to  these  two  concentrations 
also  resulted  in  complete  mortality  of  the  frv  within  7 days,  and  exposure 
to  0.47  and  0.23  mg/1  resulted  in  complete  mortality  of  fry  in 
14  days.  Percentage  survival  of  fry  exposed  to  0.12  mg/1  nitro- 
glycerine for  30  days  was  significantly  less  than  controls.  Total 
length  of  surviving  fathead  minnow  fry  was  unaffected  by  exposure 
to  nitroglycerine. 


In  an  effort  to  verify  the  results  of  the  first  fathead  minnow 
study,  a second  study  was  initiated.  Percentage  hatch  was 
significantly  reduced  by  exposure  to  3.75  mg/1  when  compared 
to  the  controls,  while  percentage  survival  at  7 days  post  hatch 
was  significantly  reduced  at  all  treatment  levels  (Table  13). 
The  test  was  terminated  at  this  time. 


in  the  test  water  by  means  of  a rocker-arm  apparatus  driven  by 
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A third  study  was  then  initiated  with  concentrations  ranging  from 
0.47  to  0.03  mg/1.  Hatchability  of  eggs  was  not  adversely  effected 
by  exposure  to  concentrations  of  nitroglycerine  as  high  as  0.47 
mg/1  (Table  14) . Due  to  a system  malfunction  on  day  26  post  hatch 
in  the  solvent  control,  precentage  survival  was  significantly  reduced. 
Ttierefore,  these  data  were  not  used  in  the  statistical  analyses. 
Survival  of  fathead  minnows  at  thirty  days  post  hatch  was 
siqnif icantly  reduced  by  exposure  to  0.47,  0.23,  0.12,  and  0.06  mg/1 . 
Mean  total  length  of  fry  exposed  to  0.23  mg/1  was  significantly  less 
than  the  mean  length  of  control  fry  while  the  mean  total  length 
of  those  fry  exposed  to  0.47  mg/1  appeared  uneffected.  Due 
to  the  high  mortality  in  these  two  treatments,  these  mean  lengths 
may  be  considered  suspect. 

(F)  Chronic  Toxicity  to  Invertebrates  - No  empirical 
differences  between  controls  and  solvent  controls 
for  any  of  the  parameters  measured  were  observed  for  either 
daphnids  or  midge. 

Continuous  exposure  of  Daphnia  magna  to  25  mg/1  nitroglycerine 
for  7 days  significantly  reduced  survival  when  compared  to 
controls  (Table  15) , and  this  reduction  in  survival  was  directly 
related  to  duration  of  exposure.  Survival  of  daphnids  exposed 
to  25  mg/1  nitroglycerine  for  21  days  was  reduced  to  only  4%, 
while  control  survival  after  21  days  was  78%.  In  addition, 
continuous  exposure  to  25  mg/1  nitroglycerine  for  21  days  com- 
pletely inhibited  reproduction  of  daphnids.  Exposure  to  12.5 
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iiu)  1 M i t j oi)  lycor  i lU'  t hroiKih  day  14  s iqn  i f leant  ly  reduced  the 
nunibers  t>f  younq  |>redviced  when  compared  to  controls  (Ta)>le  16). 

No  siqnif  leant  effects  of  exposure  to  6.2  mq/ 1 n i troq lycer 1 ne 
wi'rt'  olisi'fved  durinq  the  first  qeneration  exposure  of  daphnids. 

As  obsc'rveil  durinq  the  first  qeneration,  no  siqnificant  effects 
(311  survival  were  observed  a.noncj  daphnids  exposed  to  concentrations 
ot  n i t roi)  1 ycer  i nr-  as  hiejh  as  12.5  mq/1  (Table  15).  Althou<ih 
then-  aptiears  to  bi>  reduced  survival  amonq  second  qeneration 
d.iphnids  exposi'd  to  12.5  mq/1  n i t roc^  lycer  i ne  variability 
b('tV(a'i'n  replicates  precludes  ascribiiuj  statistical  siqnificance 
to  this  observation.  As  was  observed  durinq  the  first  (jeneration, 
production  of  youtni  by  D.  magna  exposed  to  12.5  mq/1  nitroglycerine 
was  s i(jn  i f ica  n 1 1 y reduced  when  compared  to  controls.  No  siqnificant 
effec'ts  of  exposure  of  0.  maijna  to  6.2  mq/1  over  two  generations 
W('r('  observr-d.  Production  of  younq  n.  magna  exposed  for  35  dav's 
to  1.5  nui/l  nitroglycerine  was  significantly  lower  than  the 
controls.  We  do  not  believe  this  to  be  a ni  troij  lycor  i ne  related 
(’ft  ('Cl  sinc('  production  of  younq  by  D.  ma(j  na  exposed  to  3.1  and 
() . 2 iiui/l  was  comparable  to  the  controls. 

Exposure  1(3  25.0  and  12.5  mq/1  n i t ro(j  1 ycer  i ne  for  10  days 
s iqn  i f i('ant  ly  reducc'd  survival  of  mid(]e  larvae  (Table  17).  Further- 
mort',  emer(]ence  (3f  adult  midges  was  si(ini  f leant  ly  reduced  by 
('xposur('  to  25.0  and  12.5  nu)/!  nitroglycerine.  Finally,  no  e(i(i 
masses  W{'re  i)r(3duced  by  adults  which  emer(ied  from  mid(7e  populations 
('xpost'd  to  25.0  or  12.5  mcj/l  nitroglycerine.  Althou(7h  survival 
was  s i 1)11  i 1 i cant  1 y lower  at  th(’  exi>osure  concentration  of  1.5  iiui/l, 
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I'xi'o.'iiM  ('  to  t> . J iiiul  !.l  iiivi/l  ot  ti  i t foi]  1 \’ooi  i iio  il  i d not  .i[';>oar 
to  .ul\'ot  si'ly  .iltoi't  sui  vivnl  .iiul  imhim  nonoo  of  Ttu'  abstMiot' 

ol  .iny  toxii'aiit  lol.itod  t ii'iids  at  t ht'so  ('xposuit'  U'Vt'ls  sunnosts 
th.»t  thus  loduotion  in  r.uiv’ival  is  niit  n i t roi]  I ycof  i ni'  rolateii. 

;:inoo  no  I'.ia  ma^•.sos  woii'  pi  oduood  In'  t ho  t ifst  lU’iuna  t i on  iiiidiios,  no 
I'bsorvat  ion  I'l  t ho  ott<'i'ts  iit  oxposnrt'  o*  st'ci'>nd  ptMUM  at  iim  miitiH'S 
t >'  oi  1 . S nui  1 n i t It'll!  I yi't'f  i lU'  was  iHissiblo.  Survival  o>f  K ^ 

l.irvao  oxpost'd  1 1'  t> . and  1.1  nui  1 was  s i vi  n i t i oan  t 1 y roiiuooil.  As 
was  obsoi  vod  dui  iini  t ho  first  lU'iu'iation  t'xi'osui'o,  inipao  ami  ailult 
surx'iv.il,  onuM  uoni'o  ot  st'oond  utMUMa  t i om  inidut's,  and  proiiuot  ion 
ot  oini  iiuo'.sos  was  at  It't’ti'il  by  oont  i nuous  t'xposuro  to  1 . fi  iiui/1 
n 1 t I Oil  1 yooi  i lit'  (Tab  It'  IS). 

ti'i)  I’lirfinio  Tfixioity  1 1'  I’atlu'atl  Minntiws  - 'I’ht'  it'.sults  of 
t ht'  ,1  na  1 y:;  i .‘t  t'l  w.itor  tiua  1 i t y I’aranu't  I'rs  nioasurt'ti  throiuthout 
I ht'  I'hit'nio  t’xi't'surt'  i nd  i oa  t t'ti  that  hardnt's.s,  .i  I Ita  1 i n i t y , 
aoidity,  dissfilvt'd  oxyut-n  ami  ('ll  varii'tl  minimally  bt'twt'on 
oxpo^:uI  t'  aou.iria  durinii  t lu'  tt'st  (Tablt'  I'M. 

I’oi  fon  t auo  survival  ami  t t>t  a 1 li'iiuths  til  tatlu'.iil  minnt^w  try 
woio  not  .1 1 t I't' t t'tl  by  10  days  t'xptisurt'  1 1'  otmot'n  t ra  f i fins  of  nitrti- 
ulyooi  mo  as  huih  ai;  l./S  iiui  1 (I’ablt'  JO).  Aftt'i  oO  tiavs, 

-suivival  t't  tatht'.ui  miniifiws  was  s ipn  i t i oanf  ly  rt'tluot'tl  amtinii 

t 1 sh  I'xposotl  1 1'  1.7^,  0 . ;l  7 , 0.4  1 anti  0.00  mu  1 fit  n i f rfiti  1 voor  i nt' 

will'll  I'l'mi'aiod  with  ot'ntrfils.  Total  It'nuth.'i  fit  t ish  t'xpost'tl 

to  oiinoontiat  it'iis  as  hiuh  as  1.7S  mu  1 t tu  tiO  tlays  wt'ro  nfit 

s 1 u n 1 t i oan  t 1 y dittoit'iit  t i iim  t htist'  tit  t'tintitils.  lit'twot'ii  tlays 

I'O  and  1/4  ot  oxptisuio,  mint'  tit  t lit'  1 s t i sh  st' 1 t'o  t t'tl  ftir  t'tin  t i nui'tl 

oxposui  o to  1 . /S  mu  1 ot  n 1 1 rtiu  1 yooi  i nt'  hatl  siirvivt'tl  .iiul 
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only  2 fish  siii-vivoil  oxpiisiiro  to  0.87  mq/l  iii t rop  1 ycor i ne  during 
this  poriod.  Survival  throuqh  174  days  of  oxposuro  was  also 
s iqii  1 1 i oau  t 1 y roducod  amonq  fish  oxposod  to  0.43  mq/1  when 
o(.impaiod  with  oi'iiUrols  and  litwi'r  conoont  ra  t i ons  of  n i t roq  1 ycor  i no  . 

At  (ho  t inu'  adult  tish  wi'ro  t I'rni  i na  t t'd  (ilay  Jhh),  wot  woiqht 
ot  malo  tish  oxposod  1 1>  0.43  mq '' 1 w.is  s i qn  i f i cant  1 y loss  than 
that  ol  malo  tish  in  cimtrols  aiul  lowor  concont  I'at  ions  of 
n 1 t roq  I yci'r  i no  t'l’ablo  21).  Whon  oxaminod,  tlu’  malo  fish  in 
t !u'  A diiplii'ato  o*  0.4  1 mq  1 was  soxually  immaturo,  a fact 
which  accounts  for  t lio  lack  of  spawninq  in  this  tank. 

I.i'iiqths  and  woiqhts  of  fi'iiialo  fatiioad  minnows  woi'o  not  offoctod 
by  2tit'  days  oxpcisuri'  to  concentrations  of  n i t roq  1 ycor  i no  as 
hiqh  as  0.43  mq/1  (Table  21).  The  tot.il  spawns,  total  oqqs, 
spawns  per  ft'malo  aiul  oqqs  per  female  .ippoaroil  roducod  amonq 
fish  I'xposod  to  0.43  and  0.22  mq/1  of  n i t roq  1 ycor  i no  . However, 
the  variability  in  thosi'  parameters  between  duplicates  of  solvent 
control  and  tish  I'xpcist'd  to  0.11  mq/1  precluded  ascribinq  statistical 
siqnit  icanci'  to  t hosi'  obst'rvat  ions  . 


Hat  cltabi  1 i t y of  oqqs  t ri'im  one  sf>awn  which  occurroil  amonq  fish 


('xpi'st'd  to  0.41  iiiq/1  was  roducod  whon  compared  with  liat  cliabi  1 i ty 
ol  «'qi)s  spawnoii  in  controls  and  lr>wor  concentrations  of  nitro- 
qlyci'iiiu'  (T.iblo  22).  Ha  t cli.ib  i 1 i t y ot  control  oqqs  incubated 
in  0.4  1 mq  1 n i t roq  1 vct'r  i no  was  similar  to  hatchability  of  oqqs 
incubati'd  in  t tu'  I'ontrol.  With  the  I'xcopt  ion  <if  oiu'  o<iq  qrouo 


1 nculia  t I'li  in  t hi'  A diiiilicato  iit  0.87  nui  / I of  n i t rcia  I veer  i no  . 


hatchability  of  control  ecjns  incubated  in  1.75  and  0.87  mq/1 
of  nitroulycor ine  was  virtually  0%. 

Survival  after  JO  days  exposure  of  control  fry  transferred 
to  1.75,  0.87,  and  0.43  mq/1  nitroglycerine  was  similar  to 
survival  of  fry  reared  in  control  and  solvent  control  treat- 
ments. However,  total  lenqth  and  wet  weiqht  of  fry  transferred 
to  these  same  concentrations  was  lower  than  that  of  controls. 
Survival  of  fry  from  eqgs  spawned  by  fish  exposed  to  0.22  mq/1 
of  nitro<)lycerine  and  reared  for  30  davs  v;as  reduced  when  compared 
with  controls  and  second  generation  fry  exposed  to  0.11  mq/1. 

Total  length  atid  wet  weight  of  fry  exposed  to  0.22  mg/l  was 
s Kjnif icantly  reduced  when  compared  with  controls  and  second 
generation  fry  exposed  to  0.11  mg/l. 


DISCUSSION  AND  CRITERIA  FORMULATION 


The  data  from  all  of  the  critical  life  stage  studies  with  fathead 
minnow  appear  to  be  at  variance  with  the  data  concerning  the 
exposure  of  the  critical  life  stages  during  the  first  generation 
of  the  fathead  minnow  chronic  study,  but  appear  to  coincide 
with  the  data  concerning  the  exposure  of  critical  life  stages 
during  the  second  generation  of  the  fathead  minnow  chronic 
study.  This  discrepancy  in  the  data  can  be  explained  by  the 
fact  that  the  egg  and  fry  study  was  initiated  with  newly 
fertilized  eggs  (<24  hour  old)  while  the  chronic  study  was 
initiated  with  newly  hatched  fry  (<  24  hour  old).  According 
to  the  studies  on  the  acute  toxicity  of  nitroglycerine  to 
selected  life  stages  of  the  fathead  minnow,  the  egg  stage  was 
determined  to  be  the  most  sensitive  life  stage,  and  the  newly 
hatched  fry  exhibited  the  greatest  tolerance.  Additionally, 
eggs  of  the  second  generation  fathead  minnows  were  significantly 
affected  from  the  high  concentration  of  1.75  mg/1  to  a concen- 
tration of  0.43  mg/1,  which  agrees  substantially  with  the  infor- 
mation gathered  during  the  egg  and  fry  studies.  This  appears  to 
indicate  one  of  the  mechanisms  of  the  toxicity  of  nitroglycerine 
is  through  increased  permeability  of  the  chorion  of  the  egg. 
Although  a relatively  high  concentration  of  acetone  was  present 
during  the  first  critical  life  stage  study  of  the  fathead  minnow, 
the  data  from  the  solvent  control  indicate  little  or  no  effect 
of  acetone  on  any  life  stages  tested.  Furthermore,  substantially 
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identical  results  were  observed  during  exposure  of  the  second 
and  third  critical  life  stage  studies  and  in  the  control 
eggs  to  similar  concentrations  of  nitroglycerine  despite  the 
fact  that  acetone  concentrations  were  significantly  less. 


The  generally  accepted  expression  for  that  concentration  of  a 
water  quality  constituent  reasonably  judged  to  preclude  hazard 
to  aquatic  organisms  due  to  the  presence  of  that  constituent 
is  the  development  of  a water  quality  criterion. 


In  general,  water  quality  criteria  specify  concentrations  of 
water  constituents  which  when  not  exceeded  will  protect  one 
organism,  an  organism  community,  or  a prescribed  water  quality 
use  with  an  adequate  margin  of  safety  during  continuous  chronic 
exposure.  The  procedures  for  genesis  of  valid  water  quality 
criteria  have  been  well  defined  (National  Technical  Advisory) 
Committee,  1968;  National  Academy  of  Sciences,  National  Academy 
of  Engineering,  1972;  U.S.  Environmental  Protection  Agency, 

1971c)  . Water  quality  criteria  reflect  a Icnowledge  of  both 
environmental  accumulation  and  persistence,  and  acute  and 
chronic  toxicity  of  specific  toxicants  in  aquatic  ecosystems. 

The  most  critical  aspect  in  formulating  a valid  water  quality 
criterion  is  developing  an  understanding  of  the  relationship 
between  the  acute  and  chronic  toxicity  of  a chemical  to  aquatic 
organisms.  Mount  and  Stephan  (1967)  have  suggested  this  relation- 
ship is  constant  for  closely  related  species  (i.e.  fishes);  and 
Macek  et  al.  (1976)  have  provided  data  to  suggest  that  the 
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relationship  may  be  constant  across  broad  taxonomic  groups 
of  aquatic  organisms  (i.e.  fishes,  aquatic  invertebrates)  and 
therefore  can  be  utilized  to  estimate  chronically  safe  levels 
for  species  based  on  acute  toxicity  data. 


Based  on  the  broad  spectrum  of  acute  toxicity  data,  information 
of  the  accumulation  of  nitroglycerine  residues  in  biological 
systems,  a clear  understanding  of  the  relationship  between  the 
acute  and  chronic  toxicity  of  nitroglycerine  to  aquatic  organisms 
and  a reasonable  data  base  which  supports  the  applicability  of  this 
relationship  to  broad  taxonomic  groups,  we  believe  these  research  j 

efforts  prov^ide  a sound  data  base  for  the  formulation  of  a valid 
water  quality  critia  for  nitroglycerine  for  the  protection  of 
freshwater  aquatic  life  with  an  adequate  margin  of  safety. 

i 

Results  of  acute  toxicity  tests,  both  static  and  flow-through, 
with  a wide  variety  of  freshwater  aquatic  organisms  representing 
several  trophic  forms  under  a variety  of  water  quality  conditions 
indicate  that  the  acute  LC50  values  generally  are  greater  than  0.5 
mg/1  nitroglycerine  (Tables  1,  4,  5,  6 and  9).  The  data  from  the 
bioconcentration  studv  utilizing  14C-nitroglycerine  and  several 
species  of  fish  clearly  indicate  that  nitroglycerine  has  a 
relatively  low  bioconcentration  potential  (Table  10).  Thus, 
the  critical  aspect  of  a criterion  formulation  is  accurately 
defining  the  specific  empirically-derived  application  factor 
for  nitroglycerine  which  should  be  utilized  to  estimate  the 
chronic  toxicity  of  this  chemical  to  aquatic  organisms  based 

1 
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on  available  acute  toxicity  data. 

VJe  have  determined  during  flow-through  acute  toxicity  tests 
that  the  96-hour  LC50  of  nitroglycerine  to  fathead  minnows 
is  3.0  mg/1.  We  have  further  determined  during  chronic  toxicitv 
studies  with  fathead  minnows  that  the  chronically  safe  concen- 
trations (MATO  based  on  toxic  effects  over  one  comolete  life 
cycle  is  between  0.11  and  0.22  mg/1.  Thus  based  on  an  under- 
standing of  the  chronic  toxicity  of  nitroglycerine  to  fathead 
minnows,  the  limits  of  the  empirically  defined  ratio  (application 
factor)  specific  for  nitroglycerine  are  >0.11/3.0  and  <0.22/3.0, 
or  >0 . 037< 0 . 07  3 . In  addition,  in  a separate  embryo-larval  study 
with  fathead  minnows  we  have  determined  the  safe  concentration  to 
be  between  0.03  and  0.06  mg/1,  and  estimated  the  application  factor 
to  be  >0.01<0.02.  We  have  determined  the  96-hour  LC50  of  nitro- 
glycerine to  channel  catfish  during  a static  bioassay  to  be 
4.7  mg/1.  Based  on  an  embryo-larval  exposure  we  have  estimated 
the  MATC  for  nitroglycerine  and  channel  catfish  to  be  >0.15<0.31 
mg/1,  and  estimated  the  aoplication  factor  for  nitroglycerine 
based  on  larval  or  channel  catfish  to  be  between  >0 . 032<0 , 066  . 

We  have  further  tested  the  applicability  of  the  application  factor 
to  other  aquatic  organisms  by  empirically  investigating  the 
chronic  toxicity  of  nitroglycerine  to  daphnids  and  midges.  We 
have  determined  during  flow-through  acute  toxicity  tests  that 
the  48-hour  LC50  of  nitroglycerine  to  daphnids  and  midges  is 
32  mg/1  and  20  mg/l,  respectivelv . During  chronic  exposure  with 
these  species,  we  have  further  determined  that  the  chronically 
safe  concentrations  of  nitroglycerine  for  daphnids  and  midges 
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are  estimated  to  be  >6.2<12.5  mg/1.  Thus  the  limits  on  the 
empirically  defined  ratio  (application  factor)  specific  for 
nitroglycerine  are  >6 . 2/32< 12 . 5/32 , or  >0.2<0.4  based  on 
daphnids,  and  are  >6 . 2/20<12 . 5/20 , or  >0.3<0.6  based  on  midges. 
Clearly,  the  estimates  for  the  application  factor  specific 
for  nitroglycerine  based  on  these  diverse  species  of  aquatic 
organisms  suggest  that  the  application  factor  for  fish  can 
be  conservatively  utilized  with  confidence  to  generate  a valid 
water  quality  criteria  for  nitroglycerine. 

Based  on  a conservative  analysis  we  have  applied  the  lower 
limit  of  all  estimates  of  the  application  factor  specific  for 
nitroglycerine  (0.01)  to  the  lower  limit  of  the  observed 
acute  toxicity  values  for  the  appropriate  freshwater  organisms 
(1.38  mg/1,  96-hour  LC50  for  bluegill  at  pH  6.0).  As  a result 
of  this  analysis,  we  propose  that  a concentration  of  0.01  mg/1 
nitroglycerine  would  be  a reasonable  water  quality  criterion 
providing  for  the  protection  of  freshwater  life  with  an  ample 
margin  of  safety. 
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CONCLUSIONS 


1.  The  estimated  LC50  values  for  a wide  variety  of  freshwater 
organisms  are  generally  greater  than  1.0  mg/1. 

2.  Nitroglycerine  was  generally  more  toxic  to  fishes  than 

to  invertebrates  or  algae.  Additionally,  it  was  generally 
more  toxic  to  invertebrates  than  to  algae. 

3.  Results  of  dynamic  testing  with  fish  and  invertebrates 
suggest  cumulative  toxicity  of  nitroglycerine  as  a 
result  of  duration  of  exposure  is  not  significant. 

4.  Fish  exposed  to  14C-nitroglycerine  exhibited  an  apparent 
lack  of  appreciable  bioaccumulation  {S-15};)  . 

5.  The  limit  on  an  application  factor  for  critical  life  stages 
of  the  fathead  minnow  and  channel  catfish  was  determined 

to  bo  ■'0.01<0.02  and  >0.03<0.07,  respectively. 

6.  The  application  factor  for  fathead  minnows  based  on  toxic 
effects  over  one  complete  life  cycle  is  between  >0.03 
<0.07. 


7.  The  limits  on  an  application  factor  for  daphnids  and 
midges  were  determined  to  be  >0.2 <0.4  and  >0.3<0.6, 
respectively . 


I.ITKKATUHH  CITHD 


APHA,  Standard  Motliods  for  the  Examination  of  Water  and 

WastewatiM',  IJth  I'd.  Am.  Public  Health  Assoc.,  New  York: 

8 7-1  pp. 

Henoit,  D.A.  aiid  F.A.  Putjlisi.  1973.  A simplified  flow- 

split  tinq  oliamber  and  siphon  for  proportional  diluters. 
Water  Kes.  7:  1919-1916. 

I Cardwell,  R.D.  1975.  Acute  and  chronic  toxicity  of  organic 

reagents  to  fish.  U.S.  Knvironniental  Protection  Agency, 

* ecological  Research  Series  (In  press). 

! 

Chandler,  C.D.,  G.K.  Gibson  and  W.T.  Bolleter.  1974.  Liquid 
j chnimatogiaphic  determination  of  nitroglycerine  products 

^ in  wastewater.  J.  Chromatography  100;  185-138. 

j Chemical  Rubber  Company.  1871.  Handbook  of  Chemistry  and 

Pliysics.  Chemical  Rubbt'r  Company.  52nd  edition. 

I 

^ Dacie,  d.C.  and  R.W.  Te\7.  1973.  Mammalian  toxicology  and 

toxicity  to  iiquat  ie  organisms  of  nitroglycerine,  a wat('r- 
I biirne  munition  wasti'  pollutant  . A literature  evaluation. 


U.S.  Ai  my  Medical  Research  i,  nevelo['mont  Ciiiumaiul,  Contract 
NO.  PAPA  1 7-7 3- C-3 1 52;  Pinal  Report,  37  pp. 


Dixon,  V7.J.  and  F.J.  Massey,  Jr.  1957  . Introduction  to 

Statistical  Analysis.  Second  Ed.  McGrav/-Hill  Book  Co., 

New  York. 

Macek,  K.J.,  C.  Hutchinson  and  O.B.  Cope.  1969.  The  effects 
of  temperature  on  the  susceptibility  of  bluegill  and 
rainbow  trout  to  selected  pesticides.  Bull.  Environ. 
Contam.  Toxicol.  4(3):  174-183. 

Macek,  K.J.,  M.K.  Barrows,  R.F.  Krasny,  and  B.H.  Sleight,  III. 
1975.  Bioconcentration  of  ’ ‘‘C-pesticides  by  bluegill 
sunfis)i  during  continuous  aqueous  exposure.  Proc . of 
Symposium  on  Structure  Activity  Correlation  in  Studies 
of  Toxicity  and  Bioconcentration  with  Aquatic  Organisms. 
Canada  Centre  for  Inland  Waters,  Burlington,  Ont . (March). 

Marking,  I,.E.  and  V.K.  Dawson.  1973.  Toxicity  of  quinaldine 
sulfate  to  fish.  Invest.  Fish  Control  No.  48.  U.S. 

Fisli  Wildl.  Serv.,  Washington,  D.C.  8 p. 

McAllister,  W.A.,  W.L.  Mauch  and  F.L.  Mayer.  1972.  A simpli- 
fied device  for  metering  chemicals  in  intermittent-flow 
bioassay.  Trans.  Amcr.  Fish.  Soc . 101(3):  555-557. 

f^clCim,  J.M.  and  D.A.  Benoit.  1971.  Effects  of  long-term  ex- 
posurc?s  to  copper  on  survival,  growth,  and  reproduction 


56 


pr— 

J 

of  brook  trout  (Salvel  i nus  fontiiial  is)  . J.  Fish.  Res. 

Bd . Canada:  655-662. 

Mount,  D.I.  1968.  Chronic  toxicity  of  copper  to  fathead 

minnows  (Pimephalcs  promelas , Rafinesque) . Water  Res.  2: 
215-223. 


I 

J 

j 

] 


1 

i) 

i| 


Mount,  D.T.  and  W.A.  Brungs.  1967.  A simplified  dosing 

apparatus  for  fish  toxicological  studios.  Water  Res.  1: 
21-29. 


Mount,  D.I.  and  C.E.  Stephan.  1967.  A method  for  establishing 
acceptable  toxicant  limits  for  f ish-malathion  and  the 
butoxycthanol  ester  of  2,4-D.  Trans.  Am.  Fish.  Soc . 96: 
185-193. 

National  Academy  of  Sc icnces/National  Academy  of  Engineering. 
1972.  Water  quality  criteria,  1972.  Environ.  Protec. 
Agency.  R3.033.  March,  1973,  p.  77. 


1 

National  Technical  Academy  Advisory  Committee.  1968.  Water 
I qualify  criteria.  A report  to  the  Secretary  of  Interior. 

I U.S.  Govt.  Printing  Office,  Washington,  D.C. 

I !\apkin,  F. . 1970.  Development  of  the  Modern  I,iquid  Scintilla- 

tion Counter,  pp.  45-68.  In:  E.D.  Bransome  (cd . ) The 

/ 

I Current  Stutj.is  of  Ijigu-iel  Scint i !!  .lation  Counti  ncj,  Nev/  York. 


I 

1 


57 


, M.T.  and  M.G.  Boqaort.  1972.  Gas  chromatography  of 


the  nitrate  esters  of  glycerol,  isosorbide  and  isomanide. 

J.  Chromatography  94:  364-367. 

Kosenblatt,  O.H.,  M.J.  Small  and  J.J.  Barkley,  Jr.  1973. 

Munition  production  products  of  potential  concern  as  water 
borne  pollutants  - Phase  I.  U.S.  Army  Medical  Research  & 

Development  Command,  AD912752,  81  pp. 

Steel,  P.G.D,  and  J.B.  Torrie.  .1  960.  Principles  and  Procedures 

of  Statisticji.  McGraw  Bill,  New  York:  481  pp . '' 

Strickliind,  J.D.II.  and  T.R.  Parsons.  1972.  a Practical  Hand- 
book of  Seaw.iter  Analysis.  Fish.  Res.  Bd . Can.  Bull.  167 
Second  Kd . ) : 310  pp. 

li.S.  Knvi  ronmental.  Protection  Agency.  1971a.  Algal  Assay  Pro- 
cedure: Bottle  Test.  National.  Euthrophication  Research 

Prt>gram,  Pacific  Northwest  Water  I.aboratory,  Corvallis, 

OK.  8 2 p[.. 

U.S.  !:nv  i 1 onment  a 1 Protection  Agency.  1971b.  Recommended  bio- 
as:.<iy  proct'diu'c:;  for  fatliead  minnow  (Pimephales  promolas, 

Kaf  iiu'j;<iue)  ('hronic  tests.  By  the  Bioassay  Committee, 

Nalit'u.il  V^atcM  On.i  H ty  Baboratoiy , Dviluth,  Minnesota. 


58 


J 

J 

J U.S.  KnviLonincntal  Protection  Agency.  1971.  Quality  Criteria 

for  Water.  U.S.  Government  Printing  Office,  Washington, 

] D.C.  501  pp. 

1 

U.S.  Knvironmental  Protection  Agency.  1975.  Methods  for  Acute 

[ Toxicity  Tests  with  Fish,  Macroinvertebrates,  and  Amphibians. 

^ Kcological  Research  Series,  600/3-75-009. 

Williams,  A.F.  and  W.J.  Murray.  1966.  Determination  of  traces 
of  ethyleneglycol  dinitrate  (and  nitroglycerine)  in  blood 
and  urine.  Nature  210:  816-817. 


Table  2 --  Decrease  in  number  of  colls/md  or  optical  density  as 
compared  to  controls‘^  among  algae  exposed  to  nitro- 
glycerine during  96-hour  static  toxicity  tests  (based  on 
nominal  concentrations) . 


icies 

Nitroglycerine 

imq/l) 

Decrease 

24-hour 

cells/mJl 

48-hour 

(%) 

96-liour 

capr icornutum 

0.1 

24 

30 

27 

0.3 

24 

35 

25 

1.0 

28 

46 

41 

1.8 

31 

45 

66 

3.2 

44 

53 

100 

10.0 

73 

84 

100 

pell icul osa 

0.1 

0 

10 

8 

0.3 

2 

8 

9 

1.0 

0 

22 

26 

1.8 

8 

21 

38 

3.2 

19 

49 

59 

10.0 

13 

53 

68 

aeruq i nosa 

0.1 

0 

5 

8 

0.3 

5 

3 

15 

1.0 

0 

0 

10 

1.8 

5 

4 

7 

3.2 

0 

12 

32 

10.0 

0 

6 

27 
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Table  2 --  Continued. 

1 


Specie.s 

Nitroglycerine 
(mg/ A) 

U(3creaso  cells/mH 
24 -hour  48-hour 

(^i) 

9 6 -hour 

A.  fl os- aquae 

0.1 

0 

2 

0 

(optical  density) 

0.3 

0 

0 

0 

1.0 

0^ 

0 

0 

1.8 

0 

0 

0 

3.2 

0^ 

0 

0^ 

10.0 

0 

0 

o'" 

Control  vnlucs  loproscnt  unity  ayainst  which  all  otlior  measuro- 
monta  are  compared.  I’or  S.  Ccapr icornutum  comparisons  were  made  to 
the  lactose  treated  control,  for  other  species  comparisons  are  made 
to  untreated  controls. 

b 

.Slight  increase  observed  (1-3?.). 
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chronic  toxicity  of  this  chemical  to  aquatic  organisms  based 


Table  4 --  Toxicity  of  nitroglycerine  to  freshwater  fishes  and 
aquatic  invertebrates  during  static  acute  toxicity 
tests  (nominal  concentration) . 


Species 

24-hour 

4 8 -hour 

96-hour 

LC50  (mg/H) 

bluegil 1 

6.4 

(4 .7-8 .8)^ 

4.3 

(2 .7-6 .8) 

2.7 

(2. 0-3. 7) 

rainbow  trout 

4 .8 

(3.6-6.61 

2.9 

(2. 1-3. 9) 

2 .8 

(2. 0-3. 8) 

channel  catfish 

6.5 

(4 .8-8 .8) 

4.7 

(3. 5-6. 4) 

(2. 6:3. 8) 

fathead  minnow 

6 . 3 

(4 .6-8 .6) 

4 . 1 

(3.4-5 .0) 

2.5 

(2. 0-3.0) 

water  flea 

51 

(35-72) 

EC50  (mq/£) 

46 

(38-55) 

_b 

scud 

74 

(55-99) 

50 

(41-60) 

- 

sowbug 

57 

(46-72) 

50 

(38-66) 

- 

midge 

76 

(57-102) 

55 

(47-64) 

- 

a 

95'  confidence  interval. 


b 

Invertebrate  t<ists  \-:crc  ‘18  hours  in  duration. 
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Table  5 --  Acute  toxicity  of  nitroglycerine  to  selected  life 


stager,  of  the  fiithcad  minnow 

(nominal  concentration) . 

(Pimephales 

promelas) 

LC50 

(mg/£) 

Life  stage 

24 -hour 

4 8 -hour 

96-hour 

14 4 -hour 

eggs 

>18.0 

>18.0 

>18.0 

1.2 

(0. 7-2.1)' 

1-hour  fry 

>10.0 

>8.7<10.0 

5.5 

(4. 6-6. 6) 

_b 

7-day  fry 

5.4 

(4. 5-6. 6) 

3.4 

(3. 0-3. 9) 

2.1 

(1.7-2. 6) 

- 

30-day  fry 

6.8 

(5 .0-9 . 2) 

4.8 

(3. 9-5. 8) 

2.1 

(1.6-2. 6) 

- 

60-day  try 

5.3 

(4. 3-6. 4) 

4.1 

(3. 4-5.0) 

3.4 

(2.8-4 .2) 

- 

<1 

95 o confidence  interval. 


b 

Tests  witli  fry  were  96  lioiirs  in  duration. 
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Table  6 --  Acute  toxicity  of  nitroglycerine  to  bluegill  ( Lepomis 

macrochirus)  under  varying  conditions  of  water  quality^ 


(nominal 

concentration) . 

LC50  (mg/5) 

Water  quality 

24-hour 

48-hour 

96-hour 

15°C 

6.38 

(4.01-10.20) 

6.09 

(3.80-9.76) 

3.55 

(1.92-6.59) 

2 0‘’c 

6.23 

(3.90-9.94) 

4.82 

(3.45-6.73) 

1.92 

(0.88-4.16) 

25°C 

6.67 

(4.18-10.60) 

4.91 

(3.41-7.07) 

1.99 

(1.28-3.09) 

35  mg/5  hardness 

6.67 

(4.18-10.60) 

2.72 

(1.79-4 .13) 

1.76 

(1.12-2.74) 

100  mg/5  hardness 

4.01 

(2.11-7.59) 

2.71 

(1.79-4.13) 

1.51 

(0.99-2.32) 

250  mg/5  hardness 

6.18 

(3.87-9.87) 

3.90 

(2.08-7.34) 

1.65 

(1.07-2.55) 

pH  0.0 

6.18 

(3.87-9.87) 

3.90 

(2.08-7.34) 

1.38 

(0.87-2.21) 

pH  7.0 

5.04 

(3.53-7.21) 

3.10 

(1.89-4 . 97) 

1.91 

(0.88-4.14) 

pH  8.0 

6.39 

(4.01-10.20) 

6.09 

(3.80-9.76) 

2.10 

(0.97-4.54) 

U;r1'  r v.ii  icd  contlition:;  of  tciiiporature  (IS,  20,  2‘j'^C')  the  pll  was 
nairilairu'd  at  7.1,  and  the  hardness  was  3S  mg/t.  Under  varied 

conditions  hardness  (3‘>  mg/5,  100  mg/5,  250  mg/5)  the  pH  was 

maintained  at  7.1,  and  the  temper, dure  was  20‘'’C.  Under  varied 

conditions  of  pH  (G.O,  7.0,  0.0),  hardness  was  maintained  at  35 

mg/ 5 , and  t hi'  t empi'isituro  was  20‘’c. 
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respectively. 


Table  7 — Acute  toxicity  of  "aged"  nitroglycerine  solution 

to  bluegill  (Lepomis  macrochirus)  (nominal  concentration) . 


Age  of 
solution 

LC50  {mq/D 

(hrs . ) 

24-hour 

48-hour 

96-hour 

0 

6.1 

(3. 8-9. 8)® 

3.8 

(2. 0-7.0) 

2.0 

(0.9-4. 4) 

12 

4.6 

(3. 3-6. 5) 

3.7 

(2. 0-6. 8) 

2.0 

(0. 9-4.4) 

24 

6.2 

(3. 8-9. 7) 

2.7 

(1.8-4 .1) 

2.0 

(0.9-4. 3) 

48 

3.9 

(2. 6-5. 8) 

2.2 

(1 .5-3 .4) 

1.7 

(1.1-2. 7) 

96 

4.7 

(3. 4-6. 6) 

3.6 

(2.0-6 .7) 

2.1 

(1.0-4. 6) 

a 

95%  confidence  interval. 
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Tabic  8 --  Change  with  time  in  the  relative  concentrations  of 

nitroglycerine  during  static  bioassays  under  various 
water  quality  conditions. 


% of  nitroglycerine  added 
remaining  in  solution 

Water  quiility 

hour/  0 

24 

48 

72 

96 

Standard 

conditions 

100 

87 

82 

85 

74 

15"C 

TOO 

105 

93 

90 

81 

25°C 

100 

90 

95 

87 

82 

100  mg/il  CaCO 

3 

100 

92 

86 

80 

82 

250  mg/e,  CaCO, 

100 

83 

80 

82 

71 

pll  6.0 

100 

100 

90 

84 

85 

pH  8.0 

100 

79 

83 

81 

75 

Standard  conditions  wore  20  C,  35  ing/£  hardness,  and  pll  7.1. 
Wl’.erc  one  parameter  was  varied  from  standard,  tlie  others  were 
maintained  at  standard. 
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No.  PAOA  1 7-7  J-C-.MfS2;  Final  Kop^rt,  37  pp . 


I 

Table  9 --  Toxicity  of  nitroglycerine  to  freshwater  fishes  and 
aquatic  invertebrates  during  flow-through  acute 
toxicity  tests. 


LC50  (mg/1) 

-b 

Species 

24-hour 

48  or  96-hour^ 

Incipient" 

bluegill 

>1.87 

1.67 

(0.87-3.25) 

0.55 

(0.45-0.70) 

channel  catfish 

^1.87 

>1.87 

0.50 

(0.37-0.65) 

fathead  minnow 

^ 6.0<8.0 

3.0 

(2. 2-3. 7) 

1.87 

(1.32-2.75) 

water  flea 

72 

32 

25 

(15-350) 

(21-50) 

(12-52) 

midge 

57 

20 

18 

(18-182) 

(11-37) 

(10-32) 

^48-hour  LC50  for  water  flea  and  midge,  96-hour  LC50  for  fishes. 

*^lncipient  LC50  for  water  flea  and  midge  estimated  after  96  hours 
exposure;  incipient  LC50  estimated  after  384  hours  for  bluegill, 
435  hours  for  catfish  and  288  hours  for  fathead  minnow. 


c 


95% 


confidence  interval. 
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Table  10 


Mean"*  measured  concentrations  of  14C-residues  in  the  edible  portion 
of  fishes  during  8 days  continuous  exposure  to  14C-nitroglycerine  in 
flowing  water. 


14C-residues  (mg/kg)  in  tissues 


Day 

14C-nitroglycerine 

(mg/1) 

bluegill 

rainbow 

trout 

channel 

catfish 

fathead 

minnow 

1 

0.37  (0.05)^ 

2.7  (0.35) 

3.0  (0.24) 

2.0  (0.7) 

1.9  (0.17) 

2 

0.42  (0.05) 

3.7  (0.3) 

2.5  (0.17) 

2.5  (0.5) 

3.2  (0.3) 

4 

0.55  (0.10) 

5.7  (0.3) 

3.5  (0.81) 

3.0  (1.0) 

3.0  (0.3) 

8 

0.32  (0.10) 

6.2  (0.88) 

3.3  (0.2) 

1.0  (0.1) 

1.8  (0.6) 

Mean 

0.42  (0.10) 

- 

- 

- 

- 

'*Mean  measured  14C-nitroglycerine  concentrations  based  on  radiometric  analysis  of 
triplicate  samples;  mean  measured  14C-residues  in  fish  based  on  analysis  of 
duplicate  portions  of  each  of  four  fish,  N=8. 

^Standard  deviation. 
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Table  11  --  Mean  percentage  hatch  of  eggs  and  survival  and  mean 

total  length  of  channel  catfish  ( Ictalurus  punctatus) 
fry  continuously  exposed  to  replicate  concentrations  of 
nitroglycerine  in  flowing  water  for  30  days. 


Nomina  1 
concentration 
(mq/1 ) 

Replicate 

Hatch 

(%) 

Survival 

(%) 

Length 

(mm) 

1 . 25 

A 

82 

26^ 

18  + 2^ 

B 

63 

30 

18  + 1 

0.62 

A 

100 

70^ 

21  + 2*^ 

B 

92 

74 

21  + 2 

0.31 

A 

79 

12' 

23  + 2 

B 

74 

88 

23  + 2 

0.15 

A 

84 

84 

23  + 3 

B 

85 

86 

23  + 2 

0.08 

A 

86 

90 

24  + 3 

B 

85 

94 

24  + 2 

control 

A 

90 

96 

23  + 2 

B 

72 

92 

24  + 3 

solvent 

A 

86 

92 

24  + 2 

control 

B 

91 

90 

23  + 2 

'*F=32.68  F0.05  (6,6)  = 4.28  ; d'  = 10.95 
^F=53.37  F0.05  (6,6)  = 4.2S;  d'=1.19 
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Table  12  --  Mean  percentage  hatch  of  eggs,  and  survival  and  mean 
total  length  of  fathead  minnow  ( Pimephales  promelas) 


fry  continuously  exposed  to  replicate  concentrations 
of  nitroglycerine  in  water  for  30  days  during  the  first 
experimental  exposure. 


Nominal 


concentration 

(mg/1) 

Replicate 

Hatch 

(%) 

Survival 

(%) 

Length 

(mm) 

1.87 

A 

9^ 

0 

B 

7 

0 

- 

0.94 

A 

24^ 

0 

- 

B 

44 

0 

- 

0.47 

A 

64 

0 

- 

B 

86 

0 

- 

0.23 

A 

92 

0 

- 

B 

86 

0 

- 

0 . 12 

A 

86 

32^ 

15  + 4 

B 

96 

48 

16  + 2 

control 

A 

95 

70 

18  + 3 

B 

95 

90 

17  + 2 

solvent 

A 

94 

74 

16+3 

control 

B 

88 

62 

15  + 3 

't  26.7  F0.05  (6,0) 

= 4.28  ; d'=18. 

63 

4 . 32  F0.05  (6, 6) 

= 4.23  ; d'=15 

.26 
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Tablfi  13 


--  Mean  percentage  hatch  of  eggs  and  survival  of  fathead 
minnow  (Pimephales  promelas)  fry  continuously  exposed  to 
replicate  concentrations  of  nitroglycerine  in  water  for 
7 days. 


Nomina  1 
Concentration 
(mg/1) 

Replicate 

Hatch 

(%) 

Survival 

7 days  post  hatch 
(%) 

3.75 

A 

50^ 

Ob 

B 

54 

0 

1.87 

A 

94 

4^ 

B 

89 

4 

0.94 

A 

93 

26^ 

B 

89 

22 

0.47 

A 

96 

24^ 

B 

86 

4 

0 .23 

A 

97 

4^ 

B 

94 

10 

control 

A 

97 

86 

B 

99 

74 

solvent 

A 

89 

84 

contro 1 

B 

96 

92 

^F  = 15.5  F0.05  (5,  5)  = 
^r=38.]48  F0.05  (6 ,6) 

4.28;  d'=12.26 

= 4.28;  d'=17.82 

4 
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Tablo  1-4  --  Mt'an  percentaqo  hatch  of  eqqs,  and  survival  and  mean  total  length  of 

fathead  minnow  (Pimephales  promelas)  fry  continuously  exposed  to  replicate 
concentrations  of  nitroglycerine  in  water  for  30  days. 


Nominal 

concentration 
(mq/1 ) 

Mean  measured 

■ a 

concert  t ra  1 1 on 
(mq/1) 

Replicate 

(%) 

Hatch 

(%) 

Survival 

(%) 

Total  length 
(mm) 

0.  .17 

0.43 

A 

70 

6 ^ 

23  + 1 

B 

87 

0 

- 

0.2  3 

0.25 

A 

86 

10*^ 

19  + 3^^ 

B 

94 

0 

- 

0.12 

0.13 

A 

90 

62 

24  + 4 

B 

96 

48 

22  + 4 

0.06 

0.06 

A 

94 

c 

84 

24  + 3 

B 

93 

74 

25  + 1 

0.03 

0.03 

A 

90 

94 

23  + 4 

B 

93 

84 

24  + 3 

coni r o 1 

- 

A 

94 

90 

25  + 2 

B 

90 

88 

25  + 2 

solvent 

_ 

A 

97 

18^ 

25  + 2 

eon  t ro 1 

B 

94 

12 

26  ;+  2 

Analysis  performed  by  the  U.  S.  Army  Medical  Research  & Development  Command. 


bow  survival  in  the  solvent  control  was  due  to  a system  malfunction  occurrinq 
on  day  2f>  fxist  hatch. 

‘'K-iD.l'S  I’O.OA  (5,5)  ^ 5.05;  d’=9.21 

15.0  F0.05  (5,5)  - 5.05;  d'=2.39 
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Table  I'j  — Mean  (standard  deviation)  percentage  survival  of  Daphnia  irmqna  ex- 
posed to  nitroglycerine  for  two  generations.  Each  value  represents 


^ the 

moan  of  four 

replicate 

treatments. 

J 

Nominal 

Average  percent 

survival 

— , concentration 

Generation  I 

Generation  II 

1 (mg/i.) 

Day/  7 

14 

21 

28 

35 

42 

D controls 

96(8) 

88(6) 

78(6) 

98(5) 

96(8) 

94  (8) 

1 1 

Ln 

85(7) 

80(7) 

78(6) 

91(8) 

90(11) 

89(9) 

1 — 1 

89(8) 

89(8) 

88(6) 

86(9) 

86(9) 

84(11) 

-J 

91  (8) 

89(8) 

82(13) 

91(8) 

89(13) 

88(12) 

“1  12.5 

90(4) 

80(11) 

76(14) 

68(35) 

68(35) 

65(32) 

^ 25.0 

58(30f 

26(13)^^ 

<(Bf 

-d 

- 

- 

‘V=J.Hb  I-’O.OS  (5,15)  - 2.90;  d'=19.9 
] K0.05  (5,15)  = 2.90;  d'=16.7 

j '^K-29.9)  F0.05  (5  15)  = 2.90;  d'=15.4 

youiui  pnxlucod  in  1st  generation  to  initiate  2nd  generation. 

1 

I 


Table  if’  — Mean  (standard  deviation)  young  produced  per  partheno- 
genetic  female  Daphnia  magna  exposed  to  nitroglycerine 
for  two  generations.  Each  value  represents  the  mean 
of  four  replicates  (ncutiinal  concentration) . 


Nitroglycerine 

(mg/£) 


Generation  I 
~14  21 


rthenoqenetic  female 

Generation  II 
35  42 


controls 

6(2) 

10(3) 

10(4) 

14(6) 

1.6 

9(6) 

14(6) 

4(1) 

16(6) 

3.1 

7(2) 

15(5) 

7(5) 

14(4) 

6.2 

5(2) 

10(4) 

5(1) 

15(2) 

12.5 

1(2)3 

7(4) 

Id)"" 

9(2) 

25.0 

o 

o 

0(0)^ 

-d 

F=5.97  F0.05  (5,15)  = 2.90;  d’=4.9 
2.90  F0.05  (5,15)  = 2.90  ; d'=9.2 
*^=4.58  F0.05  (4,12)  = 3.26  ; d'=5.4 

‘Slo  young  produced  in  1st  generation  to  initiate  2nd  generation. 
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Tabli'  17  - MoaiT*  (S.D.)  pofCGutaqo  survival  of  first  qeneratioii^  (Cliironomus 
toiitaiis)  larvao,  pupae,  adults,  and  percent  omerqonoc  of  adults 
durinq  continuous  exposure  to  nitroqlycerine (nominal  concentration). 


N i t roq  lycer ine 
(mq/'l ) 

larvae 

l^upao 

adults 

Ilmerqence 

(») 

Eqqs/Adult 

c'ont  rols 

b0(18)'^ 

95  (5) 

08(1) 

100 (0) 

9 

1 .'i 

48(7)'^ 

83(24) 

97(6) 

85 (27) 

6 

1.  1 

bO  (8) 

92(15) 

91 (16) 

92 (16) 

17 

l>.  J 

5.1  (16) 

87  (12) 

77(34) 

80(23) 

6 

IJ.  5 

36(16)''^ 

64 (26) 

62(12)“ 

88(18) 

0 

J5.0 

28(31)'^ 

83(15) 

16(31)“ 

43  (42)  ^ 

0 

Mean  based  on  four  replicates, 
b 

Survival  of  larvae  determined  after  10  days  exposure,  all  other  measurements 
recofvied  after  18  days  exposure. 

'"standard  deviation. 


4.27 

K0.05 

(5,15)  ' 

2.90; 

d'=17.8 

h.29 

FO.  05 

(5,15)  = 

2. 90; 

d'-31 

3 . 16 

F0.05 

(5,15)  ^ 

2.90 

; d'=29. 

77 


Table  IH  - Moan'^  (S.D.)  percentage  survival  of  second  generation  Chironomus  tentans 


larvae,  pupae,  adults,  and  percent  emergence  of  adults  to  nitroglycerine 
(nominal  concentration) 


Nitroglycerine 
(mq/ 1 ) 

larvae 

Survival  % 

pupae 

adults 

Emergence 

(%) 

Eqqs/Adult 

Control s 

58(9)*^ 

100(1) 

74(19) 

71 (29) 

5 

1.5 

61(11) 

98(2) 

52(25) 

94  (9) 

21 

3.  1 

33(7)^^ 

83(24) 

80(17) 

75(49) 

6 

6.3 

48(7)^^ 

96  (4) 

66(14) 

100(0) 

18 

a 

Mean  based  on  four  replicates, 
b 

Survival  of  larvae  determined  after  13  days  exoosure,  all  other  measurements 
recorded  after  27  days  exposure. 

c 

Standard  deviation . 

^V=9.8f)  PO.OS  (3,9)  = 3.86;  d'=7.9 
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Table  19  - Measured  water  quality  parameters  during  chronic  exposure 

of  fathead  minnows  (Pimephales  oromelas ) to  nitroglycerine. 

Number  of  Mean  and  Standard 

Parameter  samples  deviation  Range 


Hardness  (mg/1) 

14 

40  - 

2 

38-42 

Alkalinity  (mg/1) 

5 

46  - 

6 

42-53 

Acidity  (mg/1) 

6 

4.6  - 

1.1 

3. 8-6. 7 

Dissolved  oxygen 
(mg/1) 

469 

7.6  - 

0.6 

5. 5-8. 9 

pH 

63 

- 

6. 9-7. 6 
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